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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

APOLLO SPACECRA?TC PROGRAM 

QUARTERLY STATUS REPORT NO. 6 
FOR 

PERIOD ENDING D E C W E 8  31, 1963 

By Manned Spacecraft  Center 

FOREWORD 

This r epor t  i s  t h e  s i x t h  i n  a s e r i e s  of r epor t s  on the  s t a t u s  of 
t h e  Apollo Spacecraft  Program for  t h e  manned lunar  landing program. 
f i f t h  s t a t u s  repor t  described the development of spacecraf t  modules and 
systems through September 30, 1963; t h i s  r epor t  r e f l e c t s  a c t i v i t i e s  and 
changes i n  s t a t u s  during t h e  four th  calendar quarter ,  1963. 

The 

SUMMARY 

The Apollo space vehic le  cons is t s  of the  spacecraf t  and launch 
vehic le  as shown i n  f i g u r e  1. The spacecraf t  i s  t h e  r e s p o n s i b i l i t y  of 
t h e  Manned Spacecraft  Center (MSC), Houston, Texas, while t h e  launch 
veh ic l e  i s  being developed by the  George C.  Marshall Space F l i g h t  Center 
(MSFC) . The Apollo spacecraf t  configuration i s  shown i n  f i g u r e  2. 

The Apollo spacecraf t  i s  composed of t h r e e  separable modules: (1) 
t h e  command module (CM) which houses t h e  crew from t h e  e a r t h  t o  t h e  
v i c i n i t y  of t h e  moon and r e tu rn  t o  t h e  ear th ,  (2)  t h e  serv ice  module 
(SM) which contains t h e  propulsion system as w e l l  as other  systems, and 
( 3 )  t h e  lunar  excursion module (LEM) which separa tes  from t h e  command 
and se rv ice  modules when i n  lunar  o r b i t  and descends t o  t h e  luna r  sur-  
face  f o r  manned explorat ion.  

The bas ic  launch vehicle  Tor lunar  missions i s  t h e  Saturn V, which 
cons i s t s  of t h r e e  s tages :  t h e  S-IC, S-11, and S-IVB. The S-IC u t i l i z e s  
LOX-RP-1 propel lan ts  f o r  f i v e  F-1 engines while t h e  S-I1 stage uses 
LOX-LH propel lan ts  f o r  f i v e  J-2 engines.  LOX-LH2 propel lan ts  a r e  used 

fo r  t h e  one 5-2 engine i n  t h e  S-IVB s tage .  
2 

Major accomplishments of the Apollo Spacecraft  Program during t h i s  
r epor t ing  per iod were as follows: 
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c 

Parameters Predicted Actual 

Al t i tude  a t  tower j e t t i s o n  4,900 f e e t  5,148 f e e t  

Range a t  tower j e t t i s o n  4,350 f e e t  4,292 f e e t  

Maximum angle of a t t a c k  11 degrees 12 degrees 

Maximum ve loc i ty  (M) Mach 0.7 Mach 0.66 

Maximum dynamic pressure (9) 595 psf 519 Psf 

(1) The Apollo pad abort  t e s t  vehicle ,  b o i l e r p l a t e  6, was success- 
f u l l y  launched from White Sands Missi le  Range (WSMR) on November 7, 1963. 
The f l i g h t  demonstrated t h e  capab i l i t y  of t h e  launch escape subsystem. 
No holds were encountered during t h e  countdown, and t h e  b o i l e r p l a t e  w a s  
launched on schedule a t  9 a . m .  MST. The launch escape tower and t h e  fo r -  
ward heat sh ie ld  j e t t i soned  15.6 seconds a f t e r  launch a t  5,600 f e e t ,  
followed by drogue parachute deployment a t  18.6 seconds a f t e r  launch. 
The e a r t h  landing subsystem functioned normally, and te lemetry ind ica ted  
t h a t  a l l  functions performed within design parameters as shown i n  
t a b l e  I and t a b l e  11. N o  s ign i f i can t  damage w a s  sus ta ined  by t h e  CM o r  
t h e  parachutes during t h e  f l i g h t .  The CM w a s  re turned t o  North American 
Aviation, Inc., (NU) a f t e r  t h e  t e s t  t o  be used i n  parachute recovery 
system t e s t s .  

TABLF: I.- BOILFRPLATE 6 FLIGHT PAFAMETEE3 

TABU I1 .- BOILERPLATE 6 PAD ABORT FLIGHT SEQUENCES 

Sequence 

LES 6 pi tch  cont ro l  motor i g n i t i o n  

U S  motor burnout 

Tower and apex j e t t i s o n  

Drogue parachute deployment 

P i l o t  parachute 

Main parachute d i s r ee f  

Command module landing 

Seconds 
predicted 

8 .0  

15.5 
18.5 
23.5 

33.5 
157 -0 

Seconds 
a c t u a l  

8.8 
15.6 
18.6 
24 .O 

32.3 

165.1 
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( 2 )  A l e t t e r  cont rac t  t o  design and manufacture t h e  i n - f l i g h t  
t e s t  system (IFTS) w a s  awarded t o  In t e rna t iona l  Telephone and Telegraph, 
Kellogg Comunications System Division, Chicago, I l l i n o i s ,  during t h i s  
per iod.  
poss ib le  subsystem and component f a i l u r e s  and w i l l  provide g rea t e r  reli-  
a b i l i t y  with less weight than mass spar ing.  

The IFTS w i l l  enable the  as t ronauts  t o  i s o l a t e  and i d e n t i f y  

( 3 )  A s  a r e s u l t  of extensive s tud ie s  conducted during t h i s  quarter ,  
t h e  Grumman Ai rc ra f t  Engineering Corporation (GAEC) w i l l  change from a 
four-tank t o  a two-tank LXM ascent s tage  configurat ion.  This change w i l l  
r e s u l t  i n  an approximate weight savings of 100 pounds (460 pounds effec-  
t i v e  weight), a 10-week schedule s l i p  (based on cont rac t  negot ia ted 
schedule),  and an increased cost  between $1.5M and $2.5M. 
advantages a r e  a much simpler and r e l i a b l e  ascent propulsion propel lan t  
feed  system, lower o v e r a l l  LE24 center of gravi ty ,  and improved means of 
carrying loads between the  ascent and descent s tage  s t r u c t u r e s .  

S igni f icant  

(4) The dynamically s t a b l e  i n j e c t o r  program f o r  t h e  serv ice  pro- 
puls ion  subsystem has been i n i t i a t e d .  This program, s t a r t i n g  i n  mid- 
January and ending i n  October, 1964, cons i s t s  of t he  f ab r i ca t ion  and 
tes t  of a s e r i e s  of two d i f f e r e n t  types of ba f f l ed  i n j e c t o r s .  Perform- 
ance, i n j e c t o r  t h r u s t  chamber compatibil i ty,  and combustion i n s t a b i l i t y  
tests w i l l  be conducted. 

( 5 )  A l l  subassembly f ab r i ca t ion  f o r  t h e  s t a b i l i z a t i o n  and cont ro l  
subsystem i s  complete and assembly i s  i n  process on b o i l e r p l a t e  14 .  
Minor design changes a re  being incorporated as determined by FM "A" t e s t s .  
Acceptance t e s t  completion and de l ivery  a r e  scheduled f o r  February 1.5, 
1964. 

A s t a b i l i z a t i o n  and cont ro l  subsystem cont ro l  i n t e r f a c e  has been 
e s t ab l i shed  with the  S-IVB launch vehic le .  The system r a t e  gyros a r e  
being redesigned t o  provide 20°/second e n t r y  roll rates, and an auto- 
p i l o t  cut-out switch i s  being provided. Complete redundancy of t h e  
t h r u s t  vector  cont ro l  (TVC) loop i s  i n  design s t a t u s .  

(6) 
been z=-prnTTed BS shorn- in f i g 1 - 1 ~  3.  Operation of t h i s  concept i s  as 
follows : 

The North American center  probe and drogue docking concept has 

Crew cont ro l  of t h e  spacecraf t  s t a b i l i z a t i o n  and con t ro l  system 
(SCS) i s  employed t o  l i m i t  t h e  impact conditions t o  those  within t h e  
docking subsystem capab i l i t y .  The probe engages t h e  spr ing  l a t c h  w i t h -  
out  requi r ing  s t r ingen t  alinement or posi t ioning of t h e  modules. The 
a t t enua to r  compensates f o r  a x i a l  v e l o c i t y  d i f fe rences  while t h e  p i t c h  
arms and bungees compensate for l a t e r a l  ve loc i ty  and r o t a t i o n a l  d i f f e r -  
ences.  While the  r e l a t i v e  motions a r e  nulled,  t h e  a t t enua to r  i s  depressed 
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t o  cause t h e  modules t o  engage l a t ches  s u i t a b l e  f o r  maintaining an 
i n t e r f a c e  sea l .  
during t h i s  operation. After  pressure hatch removal, t h e  s t r u c t u r a l  
l a t ches  a r e  manually operated, and t h e  docking mechanism removed and 
stowed t o  accommodate crew t r a n s f e r .  During subsequent mission opera- 
t i ons ,  t h e  docking mechanism i s  r e i n s t a l l e d  p r i o r  t o  separa t ion  of t h e  
modules t o  accommodate fu r the r  docking operat ions.  The mechanism i s  
j e t t i s o n e d  along with t h e  Lm i n  lunar  o r b i t  p r i o r  t o  t h e  t r a n s e a r t h  in-  
j e c t i o n .  

The bungee loaded p i t c h  arms provide modular alinement 

(7) North American Aviation, Inc  ., has been provided rev ised  crew- 
to l e rance  impact l i m i t s  which provide f o r  higher  onset r a t e s  and lower 
peak values .  The l i m i t s  permit a choice between 1,OOOg per  second and 
20g as opposed t o  5OOg per  second and 23g. These rev is ions  w i l l  al low 
t radeoff  s tud ies  between peak value and onset  r a t e s  t o  improve system 
designs present ly  r e s t r i c t e d  by onset r a t e  l i m i t s .  

( 8 )  The problem of propel lan t  g ra in  cracking i n  t h e  launch escape 
motors (launch escape subsystem) during temperature cycl ing between 
140" F and -20" F w a s  v e r i f i e d  t o  be t h e  result of moisture condensation 
due t o  improper sea l ing  of t h e  motor. 
s t r eng th  and t h e  g ra in  could not withstand t h e  s t r e s s e s  induced during 
temperature cycling. Thermal cycl ing tes ts  with adequately sea led  motors 
have indicated exce l l en t  g ra in  i n t e g r i t y .  A p r e f l i g h t  v i s u a l  inspec t ion  
of a l l  launch escape motor propel lan t  g ra ins  has been incorporated i n  t h e  
vehic le  f l i g h t  program t o  provide absolute  assurance of a s a t i s f a c t o r y  
propel lan t  condition. 

The moisture degraded propel lan t  

SPACECRAFT SUBSYSTEMS DEVELOPMENT 

COMMAND AND SERVICE MODUUS 

Guidance and Navigation System 

The following major changes t o  t h e  G and N System w i l l  be made be- 
ginning with G and N System 13 as t h e  f irst  Block I1 system. 
changes were out l ined  t o  MIT/IL i n  December 1963. 

These 

Computer Block 11.- Two complete, a c t i v e  computers each wi th  t h e  
same capabi l i ty  as a Block I computer w i l l  be i n s t a l l e d .  Repackaging 
techniques and t h e  removal of i n f l i g h t  maintenance c a p a b i l i t y  give an 
estimated weight of 82 lbs f o r  t h e  combination as compared t o  70 lbs f o r  
a single Block I o r  128 l b s  f o r  a completely spared Block I computer. 
Both Block I and Block I1 computers w i l l  have more than  a 24,000-word 
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permanent memory capaci ty  allowing g rea t e r  than a 90-percent capaci ty  
above current  es t imates .  

Coupling Display Units (CDU) Block 11.- A savings of weight and 
b e t t e r  r e l i a b i l i t y  w i l l  be obtained by replacing t h e  electromechanical 
u n i t s  of Block I with the  e l ec t ron ic  C D U ' s .  

I n e r t i a l  Measurements Unit (IMU) Block 11.- The Block 11 IMU i s  
reduced from 14 i n .  t o  12.5 i n .  i n  diameter by u t i l i z i n g  smaller  resolv- 
e r s  and gimbals with the  same s t ab le  member. The Block I1 u n i t  is  ex- 
pected t o  weigh 42 lbs, an 18-111 reduction from t h e  Block I IMU weight. 

A recovery program t o  qua l i fy  t h e  Computer Display Keyboard (DSKY) 
panel electroluminescent l i g h t s  w a s  i n i t i a t e d .  Qual i f ica t ion  t e s t s  a r e  
t o  be completed by J u l y  25, 1964. 
w i l l  be provided f o r  G and N systems where required t o  be followed by a 
Class A r e t r o f i t .  

Class B (unqual i f ied u n i t s )  u n i t s  

Studies  by OMSF and Bellcomm indica ted  t h a t  modification of t h e  

A backup development program u t i -  
Saturn V instrument-unit guidance computer f o r  use i n  the  L;EM and CM 
G and N systems would be f eas ib l e .  
l i z i n g  t h e  Saturn V computer h i g h - r e l i a b i l i t y  approach i s  planned t o  be 
i n i t i a t e d  t h e  next quar te r .  

I n  order t h a t  l ack  of programing information w i l l  not be a con- 
s t r a i n t  on computer del ivery,  the following procedure w i l l  be followed. 

The Block I computers w i l l  be del ivered l e s s  t h e  permanent rope 
memory modules. Interim tes t  ropes f o r  each system w i l l  be provided. 
F l i g h t  rope memory modules w i l l  be p a r t i a l l y  assembled and stocked u n t i l  
program information is  ava i lab le .  
f i n a l  assembly of ropes w i l l  be made and they w i l l  be del ivered t o  t h e  
designated Apollo guidance equipment. 

When program information is  ava i lab le ,  

Problem areas during t h e  next quar te r  a r e  expected t o  completely 
def ine  Block I1 systems and develop f i r m  development and manufacturing 
schedules.  In  addi t ion,  a new s e t  of i n t e r f ace  cont ro l  documents must 
be coordinated between MIT/IL and NAA covering Block I1 equipment. 

S t a b i l i z a t i o n  and Control Subsystem (SCS) 

Subsystem Development Status  .- The f i rs t  engineering model (func- 
t i o n a l  model A (FM "All) of t h e  SCS) completed f ab r i ca t ion  and assembly 
and s a t i s f a c t o r i l y  completed component t e s t s  and system tes ts .  
ance t e s t s  were completed, but revealed some "out-of-tolerance" condi- 
t i o n s .  Rework i s  i n  progress with r e t e s t  completion and de l ive ry  
scheduled f o r  January 15, 1964. 

Accept- 
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Fabrication and assembly of all end items for the FM "B" SCS were 
completed and component tests completed. 
with acceptance tests completion and delivery scheduled for February 1, 
1964. 

System tests are in progress 

All subassembly fabrication for the boilerplate 14 SCS is complete, 
Minor design changes are being incorporated and assembly is in process. 

as determined by FM "A" tests. 
are scheduled for February 15, 1964. 

Acceptance test completion and delivery 

Subsequent systems are on schedule in fabrication and assembly, 
and all parts procurement orders have been placed. 

FM "A" and FM "B" bench maintenance equipment (BME) fabrication 
Required rework is in progress as a result 

Delivery of FM "B" BME 
and assembly are complete. 
of compatibility testing with actual systems. 
is expected concurrent with delivery of FM "B" SCS. 

Allied development accomplishments are as follows: 

a. The requirements for the AFRM 009 programer sequencer for the 
unmanned, suborbital flight were completed by NAA. 

b. The SCS wiring diagram for boilerplate 22 was completed. 

e. The SCS installation drawings for AFRM 009 were completed. 

d. The SCS test requirements for AFRM 008 were completed. 

e. 
were released. 

The SCS wiring lists and system schematics for boilerplate 14 

f. The revised SCS Procurement Specification (superseding the 
January 28, 1963, version) has been completed and in process of release. 

g. The revised SCS design specification (superseding the March 22, 
1963, version) was released. 

The current status is 222.6 lb (not including 
lbs) or hand controller cabling (4.9 lbs), based 

on actual hardware weight). 
between 182 and 206 lbs, including spares. 

Ultimate total system predicted weight is 

Power Status.- 14 day mission 

Target: DC: 175 watts, rnax; 44 KWH total 
AC: 144 watts, max; 23 KWH total 
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Present:  DC: 180 watts,  max; 43 KWH t o t a l  
AC: 144 watts,  max; 23 KWH t o t a l  

Major Design Changes.- An SCS cont ro l  i n t e r f ace  has been estab-  
The system rate gyros a r e  being redesigned t o  l i s h e d  with t h e  S-IVB. 

provide 20"/sec en t ry  roll r a t e  capabi l i ty .  
i s  being provided. Complete redundancy of t he  t h r u s t  vector  cont ro l  
loop is  i n  design s t a t u s .  

A n  au top i lo t  cutout switch 

Earth Landing System 

To summarize t h e  Earth Landing System t o  date ,  t h e  following 
t a b l e s  a r e  presented: Table 111, Parachute Development Tests; t a b l e  I V ,  
Boi le rp la te  Tests; and t a b l e  V, Solid Canopy Development. 

The f irst  tes t  with bo i l e rp l a t e  19, which was t h e  s i x t h  bo i l e r -  
p l a t e  drop, repeated those conditions i n  which bo i l e rp l a t e  3 f a i l e d .  
The recommended f i x e s  r e s u l t i n g  from t h e  b o i l e r p l a t e  3 f a i l u r e  were i n -  
cluded and t h i s  t e s t  i n  support of bo i l e rp l a t e  6 pad abort  was very 
successfu l .  
systems' modif icat ions.  

Boi le rp la te  6 pad abort t e s t  included t h e  same parachute 

The seventh and e ighth  bo i l e rp l a t e  19 drop tests were successfu l ly  
completed. 
namic-pressure abor t  t e s t  t o  be conducted at WSMR. Drogue deployment 
from t h e  CM apex forward t r i m  point w a s  t e s t e d  t o  100 psf dynamic pres- 
sure .  

These t e s t s  were i n  support of t h e  b o i l e r p l a t e  12 high dy- 

The series of four  parachute t e s t  vehicle  ( P r V )  t e s t s  designed t o  
inves t iga t e  t h e  f e a s i b i l i t y  of two simultaneous deployed drogues were 
successfu l ly  completed. Boi lerplate  19, t e s t  9 incorporated t h e  two 
simultaneous drogues which were deployed from a n  apex forward a t t i t u d e .  
Damping of t h e  CM with two drogues w a s  found t o  be b e t t e r  than predicted.  
Test  9 conducted December 18, 1963, w a s  successfu l ly  recovered. 

Eight impact tests were conducted during t h i s  report ing period. 
Previous computer pred ic t ions  of the  impact capab i l i t y  envelope were 
checked by b o i l e r p l a t e  impact t e s t s .  
computer pred ic t ion  d id  not coincide and r e p e a t a b i l i t y  of t e s t  conditions 
wi th  s a t i s f a c t o r y  r e s u l t s  w a s  not accomplished. 
t h e  s o i l  impact capab i l i t y  envelope being reduced by 20 fps  hor izonta l  
ve loc i ty .  

It was found t h a t  t h e  t e s t i n g  and 

This has r e su l t ed  i n  

A more de t a i l ed  ana lys i s  i s  being exercised.  
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St ruc tu ra l  Subsystems 

Loads.- A d e t a i l e d  study i s  underway a t  NAA t o  def ine  the  launch 
esca.pe system (US) plume impingement loads as a funct ion of t h r u s t ,  
angle  of a t tach ,  and Mach number. 

NAA has completed a s t u d y  of t he  e f f e c t  on t h e  SM propel lant  due 
t o  simultaneous cutoff  of a l l  engines during f irst  s tage  boost .  Resul ts  
of t hese  analyses ind ica t e  t h a t  t h i s  condi t ion i s  not c r i t i c a l  f o r  t h e  
spacecraf t ,  and f u r t h e r  ana lys i s  of t h e  condi t ion is  unwarranted. 

Command Module S t ruc ture . -  The CM inner  s t r u c t u r e  design i s  essen- 
t i a l l y  complete f o r  t h e  Block I vehicle .  
on a number of changes proposed t o  be e f f e c t i v e  on t h e  f i r s t  of t he  
Block I1 vehic les .  These changes include shortening of t h e  docking tun- 
n e l  and f la t ten ing-of f  of t h e  forward compartment heat sh i e ld  t o  incor- 
porate  a j e t t i sonab le  ex terna l  docking concept. Other p o t e n t i a l  changes 
a r e  re loca t ion  of t he  forward p i tch  cont ro l  motors, redesign of t h e  s i d e  
hatch opening mechanism t o  allow extravehicular  a c t i v i t y ,  and incorpora- 
t i o n  of a j e t t i s o n a b l e  boost protect ion cover. The inner  s t r u c t u r e  f o r  
AFRM 006, t h e  f i r s t  vehicle  i n  fabr ica t ion ,  i s  approximately 50 percent 
complete and s i x  weeks behind t h e  MDS-7 schedule. 

Studies  a r e  underway at NAA 

Service Module Structure . -  The S M  s t r u c t u r e  design i s  e s s e n t i a l l y  
complete f o r  t h e  Block I vehi'cles. Block I1 SM w i l l  be very similar t o  
the  Block I design.  
type; t h a t  i s ,  removal of s ca r  weight, e t  ce t e ra .  

Changes w i l l  be pr imar i ly  of a "product improvement" 

The s t r u c t u r e  f o r  AFRM 001 i s  e s s e n t i a l l y  complete and has been 
removed from t h e  f a b r i c a t i o n  a rea .  The s t r u c t u r e  f o r  b o i l e r p l a t e  18 
was 50 percent complete when deleted from t h e  program due t o  the  genera l  
rev is ion  of t h e  f l i g h t  plan.  
next repor t ing  per iod.  The s t ruc tu re  f o r  b o i l e r p l a t e  27 i s  25 percent 
complete. De ta i l  p a r t s  a r e  i n  work f o r  s eve ra l  o ther  SM. 

Disposit ion w i l l  be determined during t h e  

Crew Equipment Subsystem 

Providing t h e  spacecraf t  with food t h a t  could be eaten i n  l i q u i d  o r  
semi-liquid form during emergency pressurized operation i s  being con- 
s idered .  
t h e  emergency feeding port  i n  the  helmet v i s o r .  

This w i l l  permit a considerable reduction i n  t h e  diameter of 

MSC has d i r ec t ed  NAA t o  ass ign t h e  following parameters t o  t h e  CM 
bioinstrumentat ion te lemetry channels f o r  e a r l y  manned f l i g h t s :  

a.  
b .  ECG - second axis 

ECG - f i r s t  ax i s  (t ime shared with blood pressure)  
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c .  Respiration 
d .  Temperature - per iodic  o r a l  

The preceding parameters w i l l  be obtained simultaneously on any 
one crew member with switching from man-to-man f o r  monitoring t h e  e n t i r e  
crew. The number of parameters w i l l  probably be reduced on la ter  f l i g h t s .  

A l l  design cont ro l  and procurement spec i f i ca t ions  f o r  t h e  displays 
and cont ro ls  subsystem of the  CM have been re leased  by NAA. 

Environmental Control Subsystem 

NAA submitted a p l an  of a c t i o n  t o  provide cooling redundancy f o r  
c r i t i c a l  e l ec t ron ic  equipment i n  order  to allow a safe r e t u r n  should t h e  
primary water-glycol heat- t ransport  loop f a i l .  The plan provides f o r  
considerat ion of two methods of cooling f o r  t h e  c r i t i c a l  components, re- 
dundant glycol-cooled coldplates  and water-boiling co ldpla tes .  The f i n a l  
dec is ion  regarding t h e  proper approach w i l l  be made following s p e c i f i c  
determination of which c r i t i c a l  components requi re  cooling. It i s  
present ly  planned t h a t  t h i s  change w i l l  be made a t  t he  Block I1 change 
po in t .  

MSC Engineering and Bvelopnent  i s  p resen t ly  evaluat ing heat  re jec-  
t i o n  by ur ine bo i l ing  i n  t h e  command and se rv ice  module (CSM) . 
u t i l i z a t i o n  would allow t r a n s f e r  of an equivalent  amount of w a t e r  t o  t h e  
LEM i n  lunar  o r b i t ,  thus  reducing t h e  spacecraf t  i n j e c t e d  weight. A 
prototype glycol  evaporator w a s  obtained from AiResearch f o r  t h i s  pur- 
pose. It appears now t h a t  s o l i d s  removal would be required; invest iga-  
t i o n  of pu r i f i ca t ion  methods i s  i n  progress .  

Urine 

MSC Engineering and Development i s  inves t iga t ing  redesign of t he  
environmental con t ro l  system (ECS) space r a d i a t o r  t o  minimize water 
bo i l ing  f o r  heat r e j ec t ion .  
f o r  heat  r e j ec t ion  i n  t h e  CSM would enable t r a n s f e r  of an equivalent 
amount t o  t h e  LF=M i n  lunar  o r b i t  with a corresponding reduct ion i n  space- 
c r a f t  in jec ted  weight. The present  r a d i a t o r  capac i ty  i s  l imi t ed  by 
f r eez ing  under minimum load condi t ions.  

A s i g n i f i c a n t  reduct ion of water required 

MSC requested t h a t  NAA evaluate  t h e  app l i ca t ion  of thermal coat ings 
t o  t h e  CM ex te r io r  t o  r e l i e v e  heat  load requirements f o r  t h e  ECS cabin 
heat  exchanger. NAA i s  now proposing t o  provide such coat ings as w e l l  
as appropriate  i n su la t ion  which w i l l  be pro tec ted  from boost heat ing by 
t h e  extension of t h e  docking system boost p ro t ec t ion  cover. Preliminary 
ana lys i s  ind ica tes  such an a c t i o n  w i l l  enable t h e  present  heat  exchanger 
t o  maintain the  required 70" F t o  80" F cabin temperature during a l l  
mission phases. 

. 



NAA has proposed t o  add an ac t ive  thermal cont ro l  system t o  t h e  SM 
t o  maintain s a t i s f a c t o r y  temperatures i n  t h e  propulsion systems. The 
proposed system cons i s t s  of two water-glycol heat  t r anspor t  loops with 
appropriate  nuclear hea te rs  and r ad ia to r s .  MSC has d i r ec t ed  NAA t o  pro- 
ceed with t h e  preliminary design of and recommendations f o r  a system f o r  
e a r t h  o r b i t  only.  Approval of an a c t i v e  system f o r  t he  lunar  landing 
spacecraf t  has been deferred pending comprehensive review of require-  
ments by MSC. 

Construction of t h e  t e s t  f a c i l i t y  f o r  t he  unmanned por t ion  of t h e  
ECS in t eg ra t ed  systems t e s t  i s  e s s e n t i a l l y  complete. The t e s t  system 
w a s  de l ivered  t c  NAA by AiResearch, and i n s t a l l a t i o n  i n  t h e  tes t  space- 
c r a f t  has begun. S t a r t  of t h e  ac tua l  t e s t i n g  f o r  both t h e  unmanned and 
manned phases of t h e  program has again been delayed. 
s ta r t  da te  w a s  delayed due t o  cont rac tua l  considerat ions of a NAA request  
f o r  CCA f o r  t h e  program. The unmanned t e s t  w a s  delayed by f a c i l i t y  com- 
p l e t i o n  s l i p .  
c r i t i c a l .  

The manned t e s t  

Despite t h e  s l i p s ,  t he  schedule s t i l l  does not appear 

E l e c t r i c a l  Power Subsystem 

Power Distr ibut ion.-  Tests conducted by Fratt and Whitney ind ica t e  
t h a t  t h e  a . c .  output impedance of t he  f u e l  c e l l ,  a t  t h e  i n v e r t e r  r i p p l e  
f requencies ,  i s  approximately 50 milliohms. This output impedance com- 
bined with t h e  wiring impedance w i l l  r e s u l t  i n  a peak-to-peak i n v e r t e r  
input  r i p p l e  of approximately 1 vol t ,  which i s  i n  excess of t h e  0.25 v o l t  
spec i f i ed .  
r i p p l e  vol tages .  Actual value of r i p p l e  vol tages  w i l l  be determined by 
e l e c t r i c a l  power system breadboard t e s t s .  Subsystem compat ib i l i ty  with 
the bus vol tage r i p p l e  w i l l  be v e r i f i e d  by b o i l e r p l a t e  14 system t e s t s .  

Subsystem engineers a t  NAA have been advised of t he  expected 

Fuel  Cel ls . -  S igni f icant  progress i n  accumulating long t e s t  times 
on load  without malfunction has been made during t h e  las t  quar te r .  
following a r e  h ighl ights  of t h e  recent  t e s t  e f f o r t ;  

The 

1 
2 a. A s i x - c e l l  s tack  w a s  run continuously f o r  2- simulated Apollo 

mission duty cycles or  1,000 hours. 

b .  A jl c e l l  s tack was r u n  on load f o r  400 hours, which i s  t h e  
s p e c i f i c a t i o n  l i f e  requirement. 

c .  An independent module was run f o r  166 hours of se l f - sus ta ined  
load  i n  vacum. 

d .  An independent module was run 215 hours on load .  

e .  An independent module completed 12 consecutive r e s t a r t s .  
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Approximately 
70, ooo 

7,849 

6,355 

8,157 

Additional development on t h e  "L" shaped Teflon seal t o  improve 
s e a l  "creep" and s t a b i l i t y  c h a r a c t e r i s t i c s  i s  being conducted. 
t e s t s  ind ica te  t h a t  KOH e l e c t r o l y t e  leakage has e s s e n t i a l l y  been e l i m i -  
nated.  Design modifications t h a t  have been incorporated have reduced 
t h e  incidence of c e l l  f looding. The problem of c e l l  reac tan t  tube 
plugging and c e l l  "ballooning" are being inves t iga ted .  
being evaluated show improvement i n  these  a reas .  

Recent 

Design f i x e s  now 

Approximately 
35, 000 

5,141 

3, 189 

3,891 

Three prototype A f u e l  c e l l  modules were de l ivered  t o  NAA i n  
December 1963. 
conducted by NAA personnel. 

The i n i t i a l  t e s t  of 4 hours on load was successfu l ly  

Table V I  i s  an accumulation of t e s t  hours a t  P r a t t  and Whitney as 
of January 8, 1964. 

TABU V I . -  ACCUMULATED TEST HOURS 

Configuration 1 
Single c e l l s  

6 c e l l  s tacks 

31 c e l l  stacks 

Independent modules 

T e s t  Hours 

A t  TemD . I On Load 

Cryogenic Storage System.- The new t i t an ium forgings f o r  t h e  hydro- 
gen pressure vesse ls  and t h e  Inconel forging b i l l e t  f o r  t h e  oxygen pres- 
sure  vesse ls  have been approved by NAA. Weld c e r t i f i c a t i o n  f o r  t h e  
t i t an ium vesse ls  has also been completed. An add i t iona l  machining source 
f o r  hydrogen and oxygen pressure vesse ls  has been es tab l i shed  t o  increase 
hardware a v a i l a b i l i t y .  I n i t i a l  d e l i v e r i e s  of machined forgings have 
been made by both machining vendors. 
Beech fan  motor, hea te r  concept, development of a redesigned u n i t  has 
shown much improvement. A prototype oxygen un i t  was subjected t o  
10 thermal shocks and then run i n  l i q u i d  oxygen f o r  178 hours with 
638 stops and s t a r t s  without any malfunction, 
t o  whether t he  f an  motor, heater ,  or t h e  concentr ic  sphere hea ter  con- 
f igu ra t ion  w i l l  be incorporated w i l l  be made e a r l y  i n  t h e  next qua r t e r .  
Preliminary thermal tests of t h e  hydrogen tank  have ind ica ted  t h a t  t h e  

Following i n i t i a l  f a i l u r e  of t h e  

The dec is ion  by NAA as 



minimum heat l eak  t h a t  can -be obtained with t h e  present i n s u l a t i o n  design 
i s  about 13 E%u/Hr. Two 
approaches are now being taken on t h i s  heat  l e a k  problem. Beech i s  
building-up a t ank  using improved in su la t ion  and a l s o  negot ia t ing with 
an i n s u l a t i o n  vendor t o  i n s u l a t e  Beech t anks ,  Test r e s u l t s  w i l l  be avail- 
ab le  e a r l y  i n  t h e  next quar te r .  

The spec i f i ca t ion  requi,rement i s  6 0 2  Btu/Hr. 

A complete set  of crycgenic tanks f o r  NAA house spacecraf t  bo i l e r -  
p l a t e  14 w a s  del ivered t o  NAA. 

Comunicat ions Subsystem 

The f i r s t  breadboard model of t h e  C‘M TV camera (using standard 
components) has been del ivered t o  NAA. Future models w i l l  use 
modules and standard components. The f irst  mod-el has a photocel l  l i g h t -  
l e v e l  de tec tor ,  whereas t h e  fu tu re  models w i l l  have a peak video de tec to r  
f o r  t he  automatic l i g h t  cont ro l .  This f e a t u r e  w i l l  al low l i g h t  a t t en -  
ua t ion  on the order of 300 t o  1 without p i c t u r e  degradation. 
experimental model i s  scheduled t o  be completed by February 3, 1964. 

The first 

For t h e  CM TV camera, RCA w i l l .  u t i l i z e  in t eg ra t ed  c i r c u i t r y  i n  l i e u  
of t h e  previously planned mLcro-modules. This w i l l  s imp l i fy  packaging 
problems from a moisture environmental standpoint and should r e s u l t  i n  
a p r i c e  reduction. 

A t  a meeting with NAA, it was  pointed out -that t h e  present  packaging 
weight f o r  e l e c t r o n i c  equipment i s  580 l b s ,  
concept were u t i l i z e d ,  it i s  calculated t h a t  t h e  packaging weight would 
be on t h e  order of 407 l b s .  NAA w i l l  submit a proposed s t u d y  plan con- 
cerning t h e  v e r t i c a l  coldplate concept as p a r t  of Block I1 consideration. 

I f  t h e  v e r t i c a l  coldplate  

Operational r e s t r i c t i o n s  and predicted performance degradation 
incurred by t h e  present S-band transponder design, when operating with 
a Jet  Propulsion Laboratory (JPL)  S-band ground s t a t i o n ,  make c e r t a i n  
changes i n  t h e  spacecraf t  equipment desi.gn des i r ab le  A major e f f o r t  
i s  underway t o  def ine t h e  un i f i ed  S-band system requirements and t h e  
t e s t  programs necessary t o  c e r t i f y  SC-ground compatibi l i ty .  JPL and 
GSFC are cooperating with MSC i n  resolving t h e  problem. 

Present calculat ions ind ica t e  t h a t  t h e  egress/regress  hatch i s  t h e  
only area of t h e  CM which w i l l .  be out of t he  water under a l l  sea s ta te  
conditions which may be experienced, Studies are being made t o  deter- 
mine whether a deployable type recovery antenna can be i n s t a l l e d  i n  
t h i s  area. 

Development of an S-band Klystron power ampl i f i e r  has been i n i t i a t e d  
as a backup t o  t h e  present S-band power ampl i f i e r  which uses t h e  Hughes 
Traveling Wave Tube. The Klystron tube development program at  L i t ton  
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Corrective ac t ion  has been taken t o  e l imina te  t h e  pressure spikes  
which have been occurring when t h e  upstream solenoid valve of t h e  helium 
regula tor  i s  opened. 
t h e  primary regula tor .  Tests  i nd ica t e  t h a t  t h i s  modification has e l i m i -  
nated t h e  pressure sp ike .  

An an t i surge  device has been placed downstream of 

The heat exchanger has successfu l ly  completed t h e  high pressure 
t e s t  and appears s t r u c t u r a l l y  adequate. The helium and propel lan t  pres- 
sure  Delta P evaluat ions have been completed and do not pose a problem 
at t h i s  t ime. 

Two fuel ,  oxidizer  and helium, f l ight-weight  tanks have been accept- 
ance t e s t e d  and del ivered.  

> ~ 

Indus t r i e s  i s  progressing i n  an o rde r ly  manner, with t h e  f i r s t  prototype 
model due t o  be de l ivered  t o  Col l ins  i n  January 1964. 

The communications equipment being b u i l t  by Coll ins  Radio Corporation 
i s  complete through t h e  f i r s t  two engineering models. P requa l i f i ca t ion  
and appl ica t ion  t e s t s  a r e  i n  progress on a l l  t h e  completed equipment. 

The second rev is ion  of t h e  Apollo Spacecraft/ground operat ion support  
system (GOSS) Communications Ci rcu i t  Margin Report, NAA SID 62-1-4521, has 
been published. 

The completion da te  f o r  t h e  Spacecraft  GOSS In t e r f ace  Test System 
(SGITS) f a c i l i t y  i n  Building 6 a t  NAA has been rescheduled f o r  March 1, 
1964. 

Service Propulsion Subsystem (SPS) 

The Arnold-Engineering and Development Center (AEDC) conducted 
I 

23 a l t i t u d e  f i r i n g s  t o  evaluate  f a c i l i t y  modifications made t o  reduce 
t e s t - c e l l  blowback, increase  f a c i l i t y  performance, and obta in  engine 
design da ta .  Nine of t hese  f i r i n g s  were conducted with a l l  t i t an ium 
nozzle extensions and t h r e e  with columbium t i tan ium.  The las t  t es t  w a s  
terminated p r i o r  t o  t h e  programed shutdown due t o  buckling of t he  ti- 
tanium mater ia l  j u s t  below t h e  columbium sec t ion .  As a r e s u l t ,  t h e  
extensions have been redesigned and forwarded t o  t h e  AEDC f o r  continued 
t e s t i n g .  
reducing the  t e s t - c e l l  blowback pressure.  Tests  with redesigned nozzle 
extensions a re  scheduled t o  begin on January 30, 1964. Action has been 
taken t o  insure t h a t  s u f f i c i e n t  hardware w i l l  be ava i l ab le  a t  t h e  t e s t  
s i t e  f o r  completing t h e  t e s t s  scheduled t o  end March 28, 1964. 

Additional fac i1 i t .y  modifications have a l s o  been coxpleted f o r  



Reaction Control Subsystem 

The funct ion of t h e  r eac t ion  cont ro l  subsystem (RCS) i s  t o  provide 
a t t i t u d e  con t ro l  f o r  t h e  spacecraf t .  
going development t e s t i n g  t o  e s t a b l i s h  combustion performances and op- 
e r a t i o n a l  l i f e .  Qua l i f i ca t ion  t e s t i n g  i s  scheduled t o  start  i n  t h e  2nd 
and 3rd quar te r  1964 f o r  t h e  SM and CM engines, respec t ive ly .  Develop- 
ment t e s t i n g  on t h e  propel lan t  and pressur iza t ion  system components i s  
near ly  complete, and design v e r i f i c a t i o n  t e s t i n g  has been s t a r t e d  on 
seve ra l  components. Qual i f ica t ion  of a l l  components w i l l  be complete i n  
t h e  4 th  quar te r  1964. Breadboard systems t e s t i n g  f o r  t he  CM and SM RCS 
using prequal i f ied  hardware w i l l  commence during t h e  next r epor t  period. 

The CM and SM RCS engines a r e  under- 

Since t h e  las t  repor t ing  period, t ne  new CM chambers incorporat ing 
a 90" or ien ted  ab la t ive  material i n  l i e u  of macerated a b l a t i v e  ma te r i a l  
have been t e s t e d .  
period, using a 45O or ien ted  mater ia l .  

Further  t e s t i n g  i s  planned f o r  t he  next repor t ing  

An a l t e r n a t i v e  t h r o a t  i n s e r t  has been successfu l ly  t e s t e d  under 
s teady  state run condi t ions.  This i n s e r t  i s  a precharred a b l a t i v e  ma- 
t e r i a l  i n  place of t h e  o r i g i n a l  s i l i c o n  carbide i n s e r t .  
t i o n  i s  t o  be t e s t e d  under pulse  mode operat ion during t h e  next repor t ing  
per iod.  

This modifica- 

A s e r i e s  of tests i s  planned t o  determine t h e  c h a r a c t e r i s t i c s  of a 
" s o f t  s ea t "  valve f o r  t h e  CM engine. 
are scheduled t o  be ava i l ab le  during t h e  next repor t ing  per iod.  

The r e s u l t s  of t h i s  s e r i e s  of t e s t s  

Solut ion of t h e  chamber f a i l u r e  problems i n  the  SM RCS engine have 
been accomplished. The "spider  configuration" in j ec to r ,  wherein t h e  oxi- 
d i z e r  flow passages between t h e  i n j e c t o r  and valve cons i s t  of numerous 
tubes t o  e l iminate  overheating of oxidizer ,  has apparent ly  e l iminated 
t h e  hot-phase burning problem. 
c i rcumferent ia l  r i b s  i n  t h e  chamber t o  withstand t h e  i g n i t i o n  pressure 
sp ike  has been t e s t e d .  The injector-chamber combination w i l l  be t e s t e d  
during t h e  next report ing per iod.  

The "Ribbed" t h r u s t  chamber incorporat ing 

mi--  7 - 7  - n n - - -  i - 0- --.-~i _- 
IUC U L ~ U U C L  lilt: ~ I U U ~ ~ I I ~  has b z m  s o l v e d  by i n c c r p r e t i n g  ZP, 

"over-size" bladder .  This change w i l l  u t i l i z e  t h e  SM oxid izer  bladder 
i n  t h e  SM f u e l  tank, t h e  SM f u e l  bladder i n  t h e  CM oxid izer  tank, t h e  
CM oxid izer  bladder i n  the  C'M f u e l  tank, and w i l l  r equi re  only one new 
bladder  f o r  t h e  SM oxidizer  tank .  This so lu t ion  t o  t h e  problem i s  t o  
a l low more wrinkling and shrinkage of t h e  bladder before  it becomes t o o  
s m a l l  f o r  t h e  tank. No change i n  tank de l ive ry  schedule i s  an t i c ipa t ed .  
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Launch Escape Subsystem 

The launch escape subsystem (US) provides t h e  means of propel l ing  
t h e  CMto a sa fe  a t t i t u d e  and pos i t i on  i n  t h e  event of a pad abor t  o r  
suborb i t a l  abor t .  Three rocket  motors (launch escape, tower j e t t i s o n ,  
and p i t c h  control)  comprise t h e  LES i n  addi t ion  t o  t h e  s t r u c t u r a l  hous- 
ing  and a truss-type frame which provides attachment t o  t h e  CM. 

A t  t he  conclusion of t h e  scheduled development t e s t i n g  on t h e  
launch escape motor, it w a s  apparent t h a t  motor t h r u s t  w a s  below minimum 
spec i f i ca t ion  l i m i t s ,  This w a s  f u r t h e r  amplified by the  b o i l e r p l a t e  6 
f l i g h t  t e s t  r e s u l t s  which ind ica ted  a t h r u s t  l e v e l  8 percent lower than  
predicted.  
proper t h r u s t  output could be achieved by increas ing  t h e  r a t i o  of ground 
ox id ize r / to t a l  p rope l lan t  weight from 29 percent t o  31 percent .  
motors were c a s t  with a 31-percent ox id izer  gr ind r a t i o ,  and t h e s e  w i l l  
be f i r e d  as p r e f l i g h t  r a t i n g  t e s t  motors t o  v e r i f y  b a l l i s t i c  performance 
p r i o r  t o  beginning the  q u a l i f i c a t i o n  t e s t  program. Qua l i f i ca t ion  t e s t i n g  
i s  scheduled t o  begin the  next repor t ing  per iod.  

Analysis of t h e  development t es t  da t a  ind ica ted  t h a t  t h e  

Two 

Qual i f icat ion t e s t i n g  of t h e  p i t c h  cont ro l  motor w i l l  commence 
when a propel lant  formulation i s  f i n a l i z e d  f o r  t h e  launch escape motor 
s ince  common peopellant i s  used. 

Vibration t e s t i n g  of t h e  two tower j e t t i s o n  motors w a s  completed, 
and a temperature r i s e  w a s  again evident  a t  t he  high temperature (140" F) 
high g (f ig)  input  a t  a nominal 250-cps resonant frequency. 
a t u r e  r i s e  was experienced a t  a moderate acce le ra t ion  input  ( d g )  and no 
problems are foreseen with opera t iona l  motors s ince  these  v i b r a t i o n  
conditions w i l l  not be encountered i n  a c t u a l  motor use.  

No temper- 

One of these  v ib ra t ion  t e s t e d  motors w a s  f i r e d  s a t i s f a c t o r i l y  and 
t h e  o ther  i s  being detained pending completion of pyrogen i g n i t e r  t e s t s  
with hot wire i n i t i a t o r s .  
compat ibi l i ty  of t h e  hot wire i n i t i a t o r / c a r t r i d g e  and t h e  pyrogen pellet 
basket .  Since no compat ib i l i ty  problem w a s  experienced wi th  exploding 
bridgewire ( E B W )  i n i t i a t o r s ,  t h e  i n i t i a t o r / c a r t r i d g e  output i s  being 
t a i l o r e d  t o  correspond t o  t h a t  of t h e  EBW. A t  t h e  conclusion of t h e  
s a t i s f a c t o r y  pyrogen t e s t s  with t h e  modified i n i t i a t o r  car t r idges ,  t h e  
remaining tower j e t t i s o n  motor w i l l  be t es t  f i r e d .  Qual i f ica t ion  test- 
ing i s  scheduled t o  begin during t h e  next r epor t ing  per iod.  
mental tests on t h e  escape tower a t t a c h  poin ts  have been completed and 
t h e  da t a  a re  being analyzed. No problems have been encountered. 

A problem present ly  exis ts  with s t r u c t u r a l  

Supple- 

North American Aviation, Inc .  proposed and w a s  subsequently d i r e c t e d  
t o  implement a technique of escaping from t h e  launch vehic le  a f t e r  t h e  
launch escape tower has been j e t t i soned .  The system cons i s t s  of a manu- 
a l l y  s t a r t e d  automati The same system w i l l  
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be u t i l i z e d  f o r  normal separat ion except t h a t  t h e  SPS engine w i l l  not be 
f i r e d .  

The mission sequencer emergency de tec t ion  system vot ing l o g i c  i s  
being implemented as a sol id-s ta te- two out  of t h r e e  vot ing  devices.  

The b o i l e r p l a t e  6 t e s t  which w a s  conducted on November 7, 1963, had 
no apparent sequencer anomalies. 

Research and Development Instrumentation Subsystem 

NAA has requested t h a t  MSC provide a backup support  f o r  t h e  develop- 
ment of heat s h i e l d  t ransducers  fo r  AFRM 009. Accordingly, IESD has been 
given a work order  t o  support AFRM 009 heat  s h i e l d  instrumentat ion re- 
quirements by providing a measurement system f o r  temperature, char, abla- 
t i o n ,  and inc ident  heat  flux ( i n  t e s t e d  prototype form) along with quali-  
f i c a t i o n  da te  and procurement sources t o  NAA by June 1, 1964. 

Essen t i a l ly  a l l  f l i g h t  and spare hardware f o r  b o i l e r p l a t e s  12, 13, 
15, and 23 have been de l ivered  t o  NAA. 

In-Flight Test Subsystem (IFTS) 

The f i r s t  de l ive ry  of a prototype IFTS t o  North American Aviation, 
Inc .  i s  scheduled f o r  June 1, 1964. This u n i t  w i l l  support  t h e  bo i l e r -  
p l a t e  14 operat ions.  

Revision C, MC 901-0063~, IFTS procurement spec i f i ca t ion ,  has been 
re leased  by North American with concurrence by MSC, NASA. 

Pyrotechnics 

Pyrotechnic Systems and Devices.- A s tudy of an indexing system f o r  
t h e  i n i t i a t o r  connectors and t h e  i g n i t e r  ca r t r idges  w a s  conducted f o r  
two reasons: 
t h e  launch escape and tower j e t t i s o n  motors being close,  and (2) t h e  
in te rchangeabi l i ty  of car t r idges  having i d e n t i c a l  thread sizes.  A s  a 
res .ul t  =f t h i s  stcdy, a m e t h o d  of postmanufacture indexing of i n i t i a t o r  
connectors has been conceived and implemented t o  prevent connection of 
t h e  wrong f i r i n g  wires t o  any i n i t i a t o r .  
been es tab l i shed  on threaded car t r idges  t o  assure t h a t  a l l  a r e  d i f f e r e n t .  

(1) t h e  i n s t a l l a t i o n  poin ts  f o r  t he  i g n i t e r  car t r idges  of 

Further,  design cont ro l  has 

Apollo Standard I n i t i a t o r . -  The s t a t i c - e l ec t r i ca l -d i scha rge  sens i -  
t i v i t y  problem, caused by c lose  pin-to-case spacing, i s  expected t o  be 
solved during t h e  next quar te r .  Par t  of t h e  problem l a y  i n  t h e  tes t  set- 
up, instrumentation, and controls  wherein, i n s t ead  of t h e  appl ica t ion  of 
9,000 vo l t s ,  t r a n s i e n t s  as high as  20,000 v o l t s  were being appl ied.  
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This has been solved, and means of reducing t h e  s e n s i t i v i t y  are now being 
t e s t e d .  
and in s t a l l a t ion ,  and adequate d e t a i l e d  techniques and procedures a re  
being followed t o  assure personnel sa fe ty .  
used f o r  ign i t ion  of t h e  Recruit  Motors on L i t t l e  Joe 11, marking another 
advance i n  the acceptance of t he  standard i n i t i a t o r  concept. 

This s e n s i t i v i t y  problem i s  pr imari ly  one of s a f e t y  i n  handling 

The i n i t i a t o r  i s  now t o  be 

Apollo Standard Detonator .- Procurement of new thin-walled detonators 
has been i n i t i a t e d .  These detonators w i l l  a l s o  have an increased ex- 
plosive charge t o  assure  a detonation c a p a b i l i t y  f o r  a l l  s i z e s  of t he  
l i n e a r  shaped charge as wel l  as t h e  mild and confined detonating fuse .  
This device is  a pacing item f o r  a l l  high explosive charge devices, such 
as t h e  explosive b o l t .  

Launch Escape Tower - Cormnand Module Separation System.- The dual  
mode explosive b o l t  w i l l  be used f o r  both t h e  upper and lower separat ion 
planes.  
charges have been s ized.  
i r r e g u l a r  fracture;  however, s ince  t h e  environment w i l l  not be below 
0" F, t h i s  margin of s a f e t y  i s  considered t o  be adequate. 
t h e  first prototype hardware i s  expected about t h e  end of March 1964. 

The bo l t  i s  now i n  developnent; both i n t e r n a l  and ex terna l  
Below -30" F t h e  i n t e r n a l  charge produces an 

Delivery of 

Command-Service Module Separation System.- The l i n e a r  shaped charges 
f o r  severing t h e  tension t i e s  and t h e  umbilical  have been s ized .  
spec i f ica t ion  f o r  t h e  pyrotechnic c i r c u i t  i n t e r r u p t e r  (dead face  switch) 
t o  prevent shorting of c r i t i c a l  e l e c t r i c a l  c i r c u i t s  has been issued.  

A 

SM-Adapter Separation System.- This system i s  being redesigned t o  
make a l l  cuts on sp l i ce  p la tes ,  t h e  upper being a t  t h e  SM in te r f ace  and 
t h e  lower a t  the  plane of t h e  LEM a t t ach  points .  
w i l l  be rotated about hinge points  at the  lower plane and remain at tached 
t o  the  lower adapter sec t ion  r a t h e r  than being j e t t i soned .  The umbilical  
between t h e  SM and adapter w i l l  probably be cut by l i n e a r  shaped charges 
( c f .  CM-SM separation system) . 

The adapter segments 

Adapter - LEM Separation System.- The current t e n t a t i v e  design 
concept consis ts  of l i n e a r  shaped charges t o  cut  tens ion  s t r a p s  which 
hold t h e  LEMto the adapter a t  t h e  support po in ts .  
w i l l  probably be routed through the  CM-LEM carry-on umbil ical .  

The f i r i n g  c i r c u i t s  

Service Module Propellant Disp-. - A requirement has been 
es tab l i shed  t o  disperse  t h e  propel lant  i n  t h e  serv ice  propulsion system. 
There is  no requirement t o  des t ruc t  t h e  module s t ruc tu re  or  t o  disperse  
RCS propellants or cryogenic l i q u i d s .  Several  design concepts are being 
s tudied.  Design c r i t e r i a ,  t o  be es tab l i shed  short ly ,  w i l l  d i c t a t e  con- 
cept se lec t ion  t o  a l a rge  ex ten t .  

I 



.. . - ., 
i 23 

Forward Heat Shield Separation System.- This system has been re- 
designed t o  accommodate the  thermal expansion and contraction of t h e  
outer  CM and heat s h i e l d  s t ruc tu re  and t h e  dual  mode separat ion of t h e  
tower from the  CM. Test hardware has  been fabr ica ted  and t h e  t h r u s t e r  
ca r t r idge  charge i s  being establ ished.  

Earth Landing System Components.- The problems of high mortar re- 
a c t i o n  loads and debr i s  from the  end closures  of the  mortar car t r idges  
a r e  near ly  solved and t h e  new charges w i l l  be f ixed  e a r l y  next quarter .  
The new S/C prototype car t r idges  w i l l  be used on b o i l e r p l a t e  12 .  
drogue and main c l u s t e r  disconnects a r e  c u r r e n t l y  under redesign concept 
study; f i n a l  se lec t ion  and design a re  awaiting a decis ion on t h e  means 
of a t tach ing  the  parachutes t o  t h e  CM s t ruc tu re .  The old drogue d is -  
connect, with an inter im thin-walled detonator, w i l l  be used on boi ler-  
p l a t e  12; no main c l u s t e r  disconnect w i l l  be used. 

The 

Launch Escape System Components.- Two types of i g n i t e r  car t r idges  
f o r  t h e  rocket motors a r e  required because of t he  configuration of t h e  
pyrogen u n i t s ;  one car t r idge  w i l l  be used f o r  t h e  launch escape and p i t ch  
control  motors and t h e  other  f o r  the tower j e t t i s o n  motor. 

CM Reaction Control System Components.- Two normally closed explo- 
s ive  valves a r e  being procured, one f o r  t h e  helium pressurizat ion system 
(two used) and one f o r  t he  propellant j e t t i s o n  system ( t e n  used).  The 
helium valve w i l l  be operated by the standard i n i t i a t o r ;  t e s t s  w i l l  be 
run t o  assure a n  adequate margin of s a fe ty .  The propellant valve w i l l  
be operated by a pressure car t r idge.  
both valves have been issued, and the  p o s s i b i l i t y  of using these  valves 
i n  t h e  LF51 RCS system w i l l  be considered. 

Procurement spec i f ica t ions  f o r  

A review of t h e  f i r i n g  c i r c u i t r y  i n  the propellant-jett ison-system 
explosive valves disclosed several  unacceptable s ing le- fa i lure  modes. 
Since only one i n i t i a t o r  can be used i n  each valve, the  dual bridge wires 
i n  t h e  i n i t i a t o r  can be used t o  solve t h i s  problem by connecting bridge 
A-B t o  one pyro b a t t e r y  and bridge C-D t o  t h e  o ther .  

Training and Training E q u i p e n t  

NAA and MSC inves t iga t ions  in to  the  problem of providing crew com- 
f o r t  i n  a one "g" g r a v i t a t i o n a l  f i e l d  r e s u l t e d  i n  t h e  decision t h a t  t h e  
simulated CM w i l l  be or ien ted  w i t h  t he  X - a x i s  v e r t i c a l .  
comfort provisions w i l l  be i n  t h e  l e g  support of t he  couch. 

A l l  spec ia l  

An Apollo Part  Task T r a i n e r  design review w a s  held December 3 t o  5, 
The br ie f ings  covered design c r i t e r i a ,  design approach t o  various 1963. 

subsystems of the  t r a i n e r ,  and s t a tus  of the  program. 
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North American Aviation received and i n i t i a t e d  evaluat ion of pro- 
posals  f o r  the computer subsystem of the  Apollo Par t  Task Trainer.  
proposals are for analog computer equipment, i n t e r f ace  equipment, and 
i n t e g r a t i o n  of t h e  computer subsystem. The d i g i t a l  computer has been 
ordered and i s  the  same computer model used i n  t h e  Apollo and Gemini 
mission simulators.  

These 

The v i sua l  simulation system f o r  t he  Apollo mission simulator w a s  
The design of t h e  i n f i n i t y  image reviewed on January 28 and 29, 1964. 

system i s  90 percent complete. 
90 percent complete, t h e  rendezvous image generation system design i s  
60 percent complete, and t h e  mission e f f e c t s  pro jec tor  design 15 percent 
complete. 
simulation and has begun e r r o r  ana lys i s  on i t s  preliminary design. 

The star f i e l d  generation design i s  

Librascope, Inc.  has been awarded a contract  for  the  sextant  



LUNAR EXCURSION MODULE (LEM) 

Guidance and Navigation System 

NASA Headquarters approved the MSC LEM Guidance and Navigation 
procurement plan on October 18, 1963. 
chuset ts  I n s t i t u t e  of Technology (Instrumentation Laboratory), Raytheon, 
Kollsman, and A. C. Spark Plug. 

The contractors  were the  Massa- 

The LEM guidance and navigation w i l l  be s i m i l a r  t o  t he  Block I1 
CM guidance and navigation. 
navigation indicates  a probable weight decrease of 18 pounds each i n  
both the  computer and i n e r t i a l  measurement uni t .  

Definit ion of CM Block I1 guidance and 

Ryan Electronics  w a s  se lected by RCA t o  develop the  LEM landing 
radar.  RCA has a subcontract f romthe  Grumman Ai rc ra f t  Engineering 
Corporation f o r  both the  landing and rendezvous radars.  The rendezvous 
radar  i s  an RCA in-house e f fo r t .  

S t ab i l i za t ion  and Control Subsystem (SCS) 

Subsystem Development Status .  - The LEM SCS hardware end-items have 
been iden t i f i ed  as follows: 

Control subsystem (9  end items): 

1. 
2. 
3* 
4. 
5.  
6. 
7. 
8. 
9. 

Atti tude and t r ans l a t ion  control  assembly (ATCA) 
Guidance coupler assembly (GCA) 
Descent engine control assembly (DECA) 
(Includes gimbal ac tua tors )  
I n f l i g h t  monitor assembly (IFMA) 
Rate gyro assembly (RGA) 
Att i tude con t ro l l e r  (AC)  
Translat ion and th rus t  con t ro l l e r  (TTC) 
Att i tude d isp lay  and control  panel 

1. Att i tude reference assembly (AM) 
2. Backup programmer assembly (BPA) 
3. Control panel (CP) 

The current  estimated t o t a l  system weight i s  117.5 pounds. 
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GAEC i s  procuring the  subsystems by assemblies on competitive bid.  
The ATCA, GCA, DECA and IFMA w i l l  be procured from Radio Corporation of 
America. The RGA w i l l  be procured from Kearf lo t t  Corporation. 

The following a r e  the  approved Design Concepts: 

a. LEM back-up guidance a t t i t u d e  reference w a s  es tab l i shed  as a 
4-gimbal platform. 
released. 

The procurement s p e c i f i c a t i o n  w a s  completed but not 
Redirection i s  i n  process on a "strapdown" ARA. 

b. Common usage CSM-SCS hardware i n  the  LEN under evaluat ion a r e  
j e t  d r ive r s ,  demodulators, r o t a t i o n a l  hand con t ro l l e r ,  and f l i g h t  d i r e c -  
t o r  a t t i t u d e  indicator .  The CSM t r a n s l a t i o n a l  t h r u s t  hand c o n t r o l l e r  
has been determined unsui table  f o r  LEN. The CSM r o t a t i o n a l  c o n t r o l l e r  
has been directed t o  be a common usage item f o r  LEM. 

e. Non-redundant descent engine gimbal ac tua t ion  (providing a 
weight saving) was approved by ASPO. 
ac tua tor  providing only a t r i m  function. 

The ac tua tor  w i l l  be a slow speed 

d. A "NO i n - f l i gh t  maintenance" concept w a s  adopted. 

A l l i ed  development accomplishments a re  as follows: 

a. The RGA procurement spec i f ica t ion  w a s  completed by GAEC. 

b. A preliminary d r a f t  of t he  SCS requirements s p e c i f i c a t i o n  
w a s  completed by ASPO 

e. An ASPO study of t he  adequacy of a v e r t i c a l - l i n e  window r e t i c l e  
f o r  the se lec t ion  of a landing s i t e  i s  complete. 
study i s  i n  progress. 

A more d e t a i l e d  GAEC 

d. An ASPO study of a degraded a t t i tude- reference  system i n  the 
LEM abort  system is  complete. 

e. A funct ional  descr ip t ion  of the LEM backup guidance require-  
ments w a s  completed by GAEC. 

Major design changes a r e  as follows: 

a. Active dual redundancy f o r  rate gyros 
b. Strapped-down At t i tude  Reference System 
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Landing Gear Subsystem 
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A t  t he  November 1963 MSC Mechanical Systems Meeting, MSC approved 
changing the  landing gear configuration from the  180-inch radius  t r i pod  
gear t o  a 160- inch radius cantilevered-type gear. The 160-inch rad ius  
gear s t a b i l i t y  cha rac t e r i s t i c s  a re  i n  some respec ts  superior  t o  the  
180-inch t r ipod  gear,  and a l l  cases inves t iga ted  met t he  work statement 
and design model requirements. Other improved f ea tu res  are: LEM stowed 
he ight  reduced 9 inches;  20-inch v e r t i c a l  s t roke ins tead  of 40 inches;  
gear i s  b e t t e r  protected from lunar  sur face  protuberances; s l i g h t  reduc- 
t i o n  i n  gear hea t ing  problem; b e t t e r  c a p a b i l i t y  of taking eccent r ic  
loading on the  landing pads; provisions f o r  t he  up-lock t o  be s impl i f ied ;  
and l i g h t e r  i n  weight. 

An a n a l y t i c a l  estimate of the crushing loads of prel iminary engine 
s k i r t  designs and t h e i r  e f f e c t s  on landing s t a b i l i t y  i s  underway. I n i -  
t i a l  es t imates  ind ica te  t h a t  average crushing loads i n  excess of 1,500 
pounds w i l l  a f f e c t  s t a b i l i t y  under some landing conditions.  Load t e s t e  
of sca led  engine s k i r t s  w i l l  be performed t o  augment a n a l y t i c a l  programs 
as t h e  configurat ion of the  engine s k i r t  i s  firmed. 

LEM landing s t a b i l i t y  limits a re  a l s o  being examined with respec t  
t o  va r i a t ions  i n  these parameters of t he  cur ren t  lunar  surface model 
which a f f e c t  s t a b i l i t y .  This program w i l l  support sca le  model and fill- 
s c a l e  drop t e s t s ,  and w i l l  provide requirements f o r  the  lunar  reconnais- 
sance programs. 

S t ruc tu ra l  Subsystem 

A s  described i n  the  Summary of t h i s  r epor t ,  t h e  LEN ascent  s tage  
configurat ion w a s  changed from the four  tank design t o  a two tank de- 
s ign ,  r e su l t i ng  i n  a lower weight, lower o v e r a l l  cen ter  of grav i ty ,  
improved propel lan t  feed system, and d i r e c t  s t r u c t u r a l  attachment t o  
the  descent s tage.  

The LEN s t ruc tu re ,  which cons is t s  of two separa te  s tages ,  t he  
descent and ascent  s tages ,  i s  shown i n  f igure  4. 
descent s tage  which is the unmanned por t ion  of  t h e  LEM while f igu re  6 
shows the  ascent s tage which is  the manned por t ion  of the  LEM. 

Figure 5 depic ts  t he  

Crew Equipment Subsys t e m  

It has been es tab l i shed  t h a t  two complete f l i g h t  cont ro l  s t a t i o n s  
I n  l i e u  of the  ca t egor i ca l  requirements, are not required f o r  t he  LEM. 

t h e  following bas ic  ground ru l e s  for  t he  design of the  crew s t a t i o n  
f l i g h t  cont ro l  f a c i l i t i e s  were given the  cont rac tor  (within the  frame- 
work of apportioned r e l i a b i l i t y  requirements f o r  crew s a f e t y  and mission 
success)  : 
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a. The LEM s h a l l  be provisioned such t h a t  hover t o  touchdown i n  
the  descent t r a j e c t o r y  may be flown manually by the  astronaut .  

b. No s ingle  f a i l u r e  i n  t h e  cont ro ls  and d isp lays  s h a l l  cause a n  
abort .  

c. Unknowns associated with l i g h t i n g  conditions and/or dus t  caused 
by rocket  exhaust impingement on the  surface may impose a requirement t o  
land under VFR/IFR conditions as a j o i n t  e f f o r t  between crew members. 

Accordingly, dua l  f l ight cont ro ls  and windows, gross a t t i t u d e ,  a t t i t u d e  
e r r o r  and vehicle r a t e s  information are required.  Other d i sp lays  such 
as a l t i t u d e ,  a l t i t u d e  r a t e  (range, range r a t e )  e t  ce t e ra  must be read- 
able  from e i t h e r  s t a t i o n  or dual. Subsequent simulations and analyses 
of crew tasks ,  f l i g h t  cont ro l  techniques,  and mission w i l l  provide a 
f i n a l  d e f i n i t i v e  l i s t  of dupl icated or shared displays.  

A concerted e f f o r t  w a s  i n i t i a t e d  t o  insure a maximum degree of 
commonality between LEM and CM cont ro ls  and displays.  
been establ ished which govern the  general  approach t o  cont ro ls  and d i s -  
plays,  including p r inc ip l e s  of layout ,  switch o r i en ta t ion ,  and nomen- 
c l a t u r e  conventions. The f i r s t  of a s e r i e s  of meetings between t h e  
contractors  for t h i s  express purpose has  been conducted. 

Guidelines have 

Phase I1 of an MSC Lunar Landing S i t e  Se lec t ion  Study has been 
completed. mAe object ive of t h e  st2udy w a s  t o  a r r i v e  a t  an e a r l y  ind i -  
ca t ion  of the  crew's capab i l i t y  t o  s e l e c t  an acceptable landing s i t e  
under l i gh t ing  conditions simulating ear thshine (varying degrees ) over 
completely unfamil iar  t e r r a i n  approximating t h e  lunar  surface.  
copter ,  equipped t o  simulate LEN window configurat ion,  f l y ing  proposed 
LEM descent t r a j e c t o r i e s  was t h e  test  mechanism. Data and r e s u l t s  ob- 
ta ined  during t h e  s tudy are  being analyzed and a t echn ica l  repor t  pub- 
l i shed .  

A h e l i -  

The contractor  has completed a comprehensive s tudy t o  determine 
the  f e a s i b i l i t y  of an electro-luminescence (EL) l i g h t i n g  scheme, and 
t he  present  system cons is t s  of EL with supplementary incadescent f o r  
panel l i gh t ing  with backup f lood l i g h t s .  
and the  brightness varies from 0 t o  0.5 foot  lamberts. The s e l e c t i o n  
of 6 v o l t s  as opposed t o  28 v o l t s  as a power source f o r  incandescent 
bulbs is dependent on the  r e s u l t s  of v ib ra t ion  t e s t s  now being conducted. 
The M - 1  mock-up is now, and p r i o r  t o  M-5 w i l l  be ,  used as a t o o l  f o r  
evaluat ing flood l i g h t  i n s t a l l a t i o n s ,  EL panels ,  s i l h o u e t t e  l i g h t i n g  
techniques,  and window re f l ec t ions .  M-5 w i l l  funct ion as a c m p l e t e  
l i g h t i n g  mock-up. For ex terna l  l i g h t i n g ,  s t u d i e s  a r e  not complete. 

The present  EL color  is white 
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A support and r e s t r a i n t  system redesign has  been accomplished 
which should el iminate  the  objectionable f ea tu res  noted during t h e  M - 1  
Mock-up Review. The bas ic  concept of a s tanding crewman, however, has  
not been changed. The present  system cons is t s  of a t o r s o  support  can- 
t i l e v e r e d  from the  f r o n t  bulkhead with harness a t t ach  poin ts  l a t e r a l l y  
posi t ioned i n  each h i p  area. 
rests and hand cont ro l le rs .  
a parachute harness but modified and re f ined  according t o  the  requi re -  
ments unique t o  t h i s  appl icat ion.  The system has  not been mocked-up 
ye t  with any degree of sophis t ica t ion ,  but t he  design is complete f o r  
TM-1 and should be ava i lab le  for i n i t i a l  evaluat ion i n  February 1964. 

The support a l s o  accommodates the  arm 
The harness is similar i n  many respec ts  t o  

The complete crew s t a t i o n  design, including control /display panels ,  
suppor t / r e s t r a in t  , equipment arrangement and stowage provis ions,  
e t  ce te ra ,  has been completed f o r  TM-1 which i s  the t e s t  model f o r  com- 
prehensive evaluat ion of crew provisions.  
f o r  review i n  March 1964. 

The vehicle  w i l l  be ava i l ab le  

Environmental Control Subsystem (ECS ) 

A major e f f o r t  during t h i s  period has been d i r ec t ed  toward complet- 
ing  the  optimization s tudies  f o r  weight and power reduction. 
s i g n i f i c a n t  of these  s tud ie s  are discussed i n  t h e  following paragraphs. 

The more 

Carbon Dioxide (CO ) Absorber/Suit Fan Location. - Tests and s tudies  2 
i nd ica t e  t h a t  t he  s u i t  f a n  should be loca ted  upstream of the  C02 absorber. 

I n  t h i s  configurat ion t h e  s u i t  fan w i l l  r equi re  l e s s  power. Preliminary 
s t u d i e s  of t h e  e f f i c i ency  of t h e  portable  l i f e  support system (PLSS) 
l i t h ium hydroxide car t r idge  indicate  t h a t  a l a r g e r  car t r idge  may be more 
s u i t a b l e  f o r  t he  LEM ECS. 

Cabin Fan.- Preliminary r e s u l t s  ind ica te  a weight reduction on the  
order  of 19 pounds can be obtained by using two small fans  r a t h e r  than 
one l a rge  fan. During a majori ty  of the  mission only one fan would be 
required t o  operate.  
ing  condensation t o  occur i n  t h e  cabin hea t  exchanger. This would allow 
considerable reduction i n  hea t  exchanger weight and fan power. 
t u r e  removal system f o r  operation on t h e  lunar  surface i s  being inves t i -  
gated. Condensation during zero "GIt conditions is undesirable and it i s  
believed t h a t  t he  system can be designed t o  avoid t h i s  occurrence except 
f o r  t h e  o r b i t a l  contingency case. 

Also under examination i s  the  p o s s i b i l i t y  of allow- 

A mois- 

Space Radiator.- Results of these s tud ie s  ind ica te  t h a t  a d e f i n i t e  
weight savings can be achieved i f  t h e  mission p r o f i l e  i s  r e s t r i c t e d  t o  
a n ight  landing. No  such r e s t r i c t i o n  i s  acceptable a t  t h i s  time. In-  
house s tud ie s  a re  cur ren t ly  underway t o  inves t iga te  the  space r a d i a t o r  



f o r  an un res t r i c t ed  landing s i t e  and time. 
f U l l  r ad ia to r  usage, sequenced radiator-water supplement usage, and 
surface geometry. 
t he  f u e l  c e l l  cooling c i r c u i t  i s  a l s o  being inves t iga ted .  

These s tud ie s  w i l l  include:  

The f e a s i b i l i t y  of i n t eg ra t ing  an ECS r a d i a t o r  with 

The present  schematic provides a g lycol  t o  oxygen regenerat ive 
hea t  exchanger f o r  s u i t  i n l e t  temperature control .  
t o  inves t iga te  a warm-gas bypass concept t h a t  would f u l f i l l  t he  same 
requirement. 
a r a t o r  indicated t h a t  t h e  concept is not f e a s i b l e  because of t he  reduced 
e f f i c i e n c y  obtained under varying gas flows. 

GAEC w a s  d i r ec t ed  

Preliminary t e s t s  performed on t h e  cen t r i fuga l  water sep- 

GAEC was d i r ec t ed  t o  provide a redundant g lycol  loop f o r  c r i t i c a l  
e l ec t ron ic  equipment. This coolant loop w i l l  use one of t h e  pumps i n  
the  present  glycol  pump package, a separate  p l a t e  f i n  water b o i l e r ,  and 
w i l l  use the  water management system f o r  an accumulator. This system 
w i l l  be designed such t h a t  it can be removed i f  l a t e r  t e s t s  i nd ica t e  
t h a t  s u f f i c i e n t  thermal i n e r t i a  i s  present  t o  allow a sa fe  r e tu rn  t o  
the  CM a f t e r  loss of t h e  glycol  loop. 

E l e c t r i c a l  Power Subsystem (EPS) 

Power Distr ibut ion.-  GAEC completed the  i n v e r t e r  s tudy and recom- 
mended a decentral ized inve r t e r  system. ASP0 has  withheld f u l l  approval 
of t he  system pending completion of a r e l i a b i l i t y  evaluat ion of t h e  
brushless  dc motors, which would. be used i n  t h e  decentral ized system. 
Completion of t he  r e l i a b i l i t y  evaluat ion is  planned by January 29, 1964. 

GAEC has completed evaluat ion of t h e  a u x i l i a r y  b a t t e r y  vendor pro- 
The b a t t e r y  cont rac t  award i s  dependent upon f u e l  c e l l  config- posals.  

u ra t ion  se lec t ion ,  which w i l l  determine b a t t e r y  s i ze .  

Cryogenic Storage.- GAEC completed evaluat ion of proposals f o r  
cryogenic tankage during t h i s  repor t ing  period. AiResearch w a s  s e l ec t ed  
as t h e  p o t e n t i a l  suppl ie r ,  and negot ia t ions were begun on December 2, 
1963. Negotiations have been delayed due t o  t h e  f u e l  c e l l  configurat ion 
question. The tank s i z e  and number of hydrogen tanks depend on whether 
two f i e 1  c e l l s  and a b a t t e r y  or t h ree  f u e l  c e l l s  a r e  used i n  t h e  power 
generation system (PGS). Present schedules c a l l  for negot ia t ions  t o  be 
complete and a purchase order  t o  be issued t o  AiResearch by February 1964. 

Fuel Cel ls . -  The r e s u l t s  of t he  weight r e l i a b i l i t y  study, mentioned 
i n  Quarterly S ta tus  Report No. 5 ,  were presented t o  MSC. The configura- 
t i o n  recommendation w a s  not approved by MSC due t o  the  lack  of cos t  and 
schedule impact information. On December 20, 1963, MSC requested addi- 
t i o n a l  information and study from GAEC. 



Currently,  the  PGS cons i s t s  of 3 - 900 w a t t  f u e l  c e l l s .  MSC out-  
l i n e d  four  poss ib le  configurat ions t o  be s tudied t o  reso lve  the  PGS 
problem. These configurat ions were: (a) 3 f u e l  c e l l s  (900 and 1,125 
w a t t ) ,  ( b )  2 f u e l  c e l l s  (900 and 1,125 w a t t ) ,  ( c )  2 f u e l  c e l l s ,  optim- 
ized f o r  LEM requirements, and ( d )  2 f u e l  c e l l s ,  optimized t o  combined 
CSM-LEN requirements. 
i s  based on information t h a t  t he  current design can be uprated from 900 
t o  1,125 without res iz ing .  
t o  assess  what penal ty  would be involved i n  s i z i n g  t h e  new LT34 configur- 
a t i o n  t o  be compatible with CSM requirements f o r  p o t e n t i a l  backup t o  
current  CSM f u e l  c e l l s .  

The reason f o r  s tudying the  1,125 w a t t  f u e l  c e l l s  

The preceding study i n  ( d )  has  been requested 

A t a s k  force from GAEC w a s  sent t o  P r a t t  and Whitney t o  assist i n  
expedi t ing the  s tud ie s  required t o  determine the  optimum configurat ions 
when assessed with the  l a t e s t  power p r o f i l e  information and requirement. 
Results are t o  be presented t o  MSC on March 12, 1964, i n  order  t o  s e l e c t  
a f i n a l  LEM PGS configuration. In t h e  inter im,  design of t he  proposed 
f u e l  c e l l  assembly (FCA), 900 w a t t  s i z e ,  has progressed and i s  considered 
t o  be approximately 90 percent complete. 

The f a c i l i t y  at P r a t t  and Whitney f o r  development of t h e  FCA i s  
approximately 20 percent complete. Benef ic ia l  occupancy is scheduled 
f o r  Apr i l  1964. 
are being b u i l t .  A gas test  f a c i l i t y  t o  be used f o r  t e s t i n g  f u e l  c e l l s  
with gaseous r eac t an t s  i s  e s s e n t i a l l y  complete, but t e s t  equipment has 
not  been i n s t a l l e d ,  Work is underway on two cryogenic t e s t  bays. 

GAEC tes t  f a c i l i t i e s  a t  Peconic, Long I s l and ,  New York, 

Communications Subsystem 

A dec is ion  w a s  made by t h e  ASP0 t o  provide GAEC with t h e  LEM 
t e l e v i s i o n  camera as government furnished equipment ( G F E ) .  
Instrumentation and Elec t ronic  Systems Division, E and D,  has  accepted 
t h e  r e s p o n s i b i l i t y  for development of t h i s  camera. Procurement w i l l  
be s t a r t e d  by l a t e  January 1964. 
subsystemwere s t a r t e d  between GAEC and RCA, and a r e  expected t o  be 
completed by February 1, 1964. 

The MSC 

Negotiations f o r  the  communications 

Propulsion Subsystem 

General.- Grumman A i r c r a f t  Engineering Corporation completed the  
r e l ease  of procurement spec i f ica t ions  f o r  both t h e  ascent  and descent 
propel lan t  and p res su r i za t ion  components during the  month of December 
1963. 
f o r  the  next quarter .  Slosh t e s t i n g  of the  ascent  and descent tankage 
i s  being delayed by l a t e  subcontractor de l ive ry  of t h e  P lex ig las  tanks 
and by seve ra l  mechanical and instrumentation problems discovered dur- 
i ng  checkout of the  GAEC slosh r ig .  

Issuance of purchase orders f o r  these  components is scheduled 
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Descent.- All ison Division of General Motors Corporation w a s  
chosen as the subcontractor  f o r  the  descent s t age  propel lan t  tanks,  
and a l imited go-ahead w a s  issued by GAEC on December 3, 1963. The 
tanks w i l l  be fabr ica ted  from t i tanium material. 

Thro t t l ing  tes ts  over t h e  f u l l  t h r o t t l i n g  range were conducted a t  
Rocketdyne on a workhorse engine. A simulated l i f e  cycle t e s t  w a s  con- 
ducted on a workhorse engine, including a 515-second continuous f i r i n g  
and a 750-second t o t a l  f i r i n g  time. During October and November 1963, 
t e s t i n g  w a s  suspended f o r  a ?-week period due t o  design problems on a 
weld j o i n t  i n  t he  i n j e c t o r  body, which allowed propel lan t  leakage t o  
occur. Testing w a s  resumed a f t e r  t h e  workhorse i n j e c t o r s  were modified, 
and a redesign was made f o r  hardware not y e t  fabr ica ted .  As  a r e s u l t  
of t h i s  and other  more minor delays,  an approximate 8-week behind- 
schedule s t a t u s  w a s  evident.  Rocketdyne has  i n i t i a t e d  Block I and 
Block I1 prototype engines t o  reduce t h i s  behind schedule s t a tus .  
approach al lows t e s t i n g  of prototype t h r u s t  chambers and a closed loop 
t h r u s t  control  system p r i o r  t o  the  a v a i l a b i l i t y  of c e r t a i n  o ther  pro- 
totype components. 

This 

Space Technology Laboratory (STL) has completed f i r i n g s  of t h e  
1-inch th roa t  engine f o r  ab la t ive  mater ia l s  evaluation. A t o t a l  of 
85 t e s t s  w a s  made. 
on a 4.75-inch t h r o a t  engine f o r  fu r the r  evaluation. The first t h r o t -  
t l i n g  tests were accomplished on November 1, 1963, and drawings f o r  
t h e  workhorse ab la t ive  chamber engine were re leased  Moveniber 15, 1965. 
Due t o  a problem of low performance of t h e  i n j e c t o r ,  t he  f irst  workhorse 
ab la t ive  chamber engine t e s t s  were delayed about two months, and a re  now 
scheduled f o r  l a t e  January 1964. 
ware and w i l l  at tempt t o  recover t h e i r  schedule by an increased t e s t  
frequency. 

The th ree  most promising mater ia l s  a r e  being t e s t e d  

STL has continued t o  s tockp i l e  hard- 

Major a c t i v i t i e s  planned for t h e  next quar te r  include i n i t i a t i o n  
of cold flow t e s t s  on t h e  heavyweight r i g  a t  GAEC. 
p l i sh  t h e i r  f i r s t  full s c a l e  ab la t ive  chamber tests and f u l l  range i n -  
j e c t o r  t h r o t t l i n g  t e s t s ,  and the  first engine f i r i n g  i n  t h e i r  v e r t i c a l  
engine t e s t  stand at  the  new t e s t  s i t e  a t  San Juan Capistrano. They 
a l s o  plan t o  start r e l ease  of t he  prototype engine drawings. 
plans t o  re lease  both Block I and Block I1 prototype engine designs,  
and t o  accomplish performance, off-design,  and combustion s t a b i l i t y  
tests. 

STL plaps t o  accom- 

Rocketdyne 

Ascent.- B e l l  has s t a t e d  t h a t  t he  s p e c i f i c a t i o n  value for t he  
s p e c i f i c  impulse of  t h e  ascent engine cannot be achieved. 
s p e c i f i c  impulse value w i l l  be low by approximately four  points .  

The predicted 
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Bell has decided t o  continue in to  the  phase "B" screening with a l l  
t h r e e  chamber designs,  AVCO, Hitco and Tapco. The Tapco chamber with t h e  
"hard" th roa t  appears promising. Bell w i l l  purchase e igh t  complete Tapco 
chambers f o r  t he  phase "B" screening. 

GAEC has adopted t h e  two propel lant  tank configurat ions f o r  t h e  as- 
cent  s tage  and has changed the  tank ma te r i a l  from aluminum t o  t i tanium. 

The ascent  heavyweight r i g s  are approximately 5 weeks behind sched- 
u l e  due t o  the  propel lan t  tank conf imra t ion  change. 

React i on Control Subsystem 

During the  pas t  quar te r  t h e  primary e f f o r t  w a s  i n  t h e  a rea  of com- 
p l e t i n g  the  procurement spec i f ica t ions  and cons t ruc t ion  of t he  HR-1, 
EIR-2, and cold-flow t e s t  f a c i l i t y .  The completion of the  component 
s p e c i f i c a t i o n  r e l ease  i s  present ly  scheduled f o r  February 1, 1964, and 
the  purchase orders  a r e  t o  be placed during the  forthcoming quarter .  

The helium system checkout r i g  (HR-1)  i s  expected t o  be cmple t ed  
i n  the  middle of January 1964, and the  evaluat ion of t h e  p re s su r i za t ion  
system concepts w i l l  be i n i t i a t e d  a t  t h a t  time. 

The completion of t he  cold-flow t e s t  f a c i l i t y  and t h e  RCS checkout 
r i g  (HR-2) i s  being delayed by approximately one month due t o  changes 
i n  the  l i v e  runs,  caused by the  redesign of t h e  ascent propulsion system 
tankage . - 

The major e f f o r t  on the  pa r t  of t h e  subcontractor ,  t he  Marquardt 
Corporation, w a s  i n  t he  a rea  of the t h r u s t  chambers and c l u s t e r  assem- 
b l i e s .  The development s t a t u s  of t he  common use RCS engine i s  reported 
under t h e  SM reac t ion  cont ro l  system. 

Approximately 200 f i r i n g s  were performed a t  the  Marquardt Corpora- 
t i o n  on the  "workhorse" c l u s t e r  assembly. An explosion i n  t h e  i n j e c t o r  
of the  " v e r t i c a l  up" quad during the  sea- leve l  f i r i n g  of t h a t  quad i n -  
t e r rup ted  the  t e s t  program and an inves t iga t ion  as t o  the  cause of ex- 
=Ins ion  is  cu r ren t ly  underway. 

Plans f o r  t he  next qua r t e r  include completion of purchase orders  
f o r  the  system components, HR-land HR-2 t e s t i n g  at GAEC. Also, analy t -  
i c a l  s tud ie s  pe r t a in ing  t o  the  thermal problems associated with the  LEM 
engine c l u s t e r s  and hydrodynamic e f f e c t s  of t h e  propel lan t  feed system 
a r e  expected t o  be completed a t  GAEC. 

The Marquardt Corporation will continue with the  c l u s t e r  f i r i n g  
tests and a l s o  i s  expected t o  f i n a l i z e  t h e  c l u s t e r  support design. 
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Radar Subsystem 

Ryan Aeronautical, San Diego, Cal i forn ia ,  w a s  s e l ec t ed  by RCA as 
t h e  landing radar vendor. 

The rendezvous radar  design has started a t  RCA, and power and 
weight t rade-off  s tud ie s  a r e  under way. 

A contract  was signed between RCA and GAEC f o r  t h e  rendezvous and 
landing radars. 

Negotiations have a l s o  been completed between RCA and GAEC f o r  t h e  
radars .  

Operational Instrumentation Subsystem 

Negotiations were completed between GAEC and Radiation, Inc. f o r  
t h e  PCM telemetry and timing equipment. Radiation, Inc. has s t a r t e d  
prel iminary design. 

MSC requested t h a t  GAEC cease a l l  e f f o r t s  assoc ia ted  with t h e  da t a  
s torage equipment pending re-evaluat ion of t h e  data s torage requirements. 
GAEC is studying t h e  f e a s i b i l i t y  of t ransmission of t h e  LED4 te lemetry 
low-bit r a t e  da t a  t o  the  C/SM f o r  recording i f  t h e  d a t a  s torage equip- 
ment w a s  not  required.  

F l igh t  Research and Development Instrumentation Subsystem 

F l igh t  research and development instrumentation is  being procured 
upon an approved measurement requirements l i s t  f o r  LEN-1. 
procurements are f o r  type q u a l i f i c a t i o n  t e s t s .  

I n i t i a l  

The bas ic  f l i g h t  research and development instrumentation package 
w i l l  cons i s t  of f i v e  FM/FM te lemetry packages. 

S c i e n t i f i c  Instrumentation Subsystem 

The Space Environment Group at tached t o  ASTD l e t  a s tudy cont rac t  
t o  Texas Instruments Company on September 30, 1963. This cont rac t  is  
t o  be completed i n  10 months and w i l l  i nves t iga t e  areas of s c i e n t i f i c  
i n t e r e s t  and instrumentation requirements f o r  manned lunar  exploration. 

NASA Headquarters has i n i t i a t e d  an e f f o r t  t o  p o l l  t h e  s c i e n t i f i c  
community f o r  candidate experiments on t h e  luna r  surface.  The plans 
f o r  experiment s e l e c t i o n  and implementation have not been f ina l ized .  
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Training And Training Equipment 

. 

GAEC completed evaluat ion of proposals on t h e  ex te rna l  v i s u a l  dis- 
p lay  equipment subsystem of the  LEM Mission Training Simulator. 
se lec ted  Farrand Opt ica l  Company as t h e  recommended source,  t h i s  s e l e c -  
t i o n  w a s  approved by MSC, and GAEC has  i n i t i a t e d  cont rac t  negot ia t ions.  

GAEC 

GAEC completed prepara t ion  of prel iminary spec i f i ca t ions  and vendor 
requirements documents f o r  the  Mission Training Simulator. Release 
of t he  Release f o r  Quotat ion (RFQ) is scheduled f o r  February 3, 1964. 

ADAPTER 

The configurat ion of t he  S-IVB adapter  a t  the  end of t h i s  r epor t ing  
per iod has  been es tab l i shed  as a t runcated cone 336 inches i n  length.  
The LEM support  po in ts  a r e  at spacecraf t  s t a t i o n  X 
f i g u r a t i o n  f reeze  da te  has been s e t  as February 1, 1964, t o  allow design 
completion by J u l y  7, 1964, and t o  support de l ive ry  of the  f i rs t  a r t i c l e  
( b o i l e r p l a t e  27). 

= 584.7. The con- A 

SPACE SUIT 

The second prototype Apollo space s u i t  w a s  received on October 21, 
1965, and evaluated a t  North American Aviation i n  t h e  CM on October 24 
and 2 5 ,  1963. 
Astronaut J. Young, wearing a pressurized s u i t  with a mock-up por tab le  
l i f e  support  system, encountered considerable d i f f i c u l t y  i n  a t tempting 
an egress  through the  CM hatch. 

Mobil i ty  while pressurized w a s  genera l ly  inadequate. 

The Hamilton Standard-Internat ional  Latex Corporation mock-up s u i t  
with a new shoulder and elbow j o i n t  w a s  t e s t e d  i n  t h e  NAA couch/CM dis- 
p lay  arrangement on the  Johnsvi l le ,  Pennsylvania, U. S. N a v y  centr i fuge.  
The v e r t i c a l  pos i t i on  of t he  forearms i n  the  pressurized s u i t  overlapped 
t h e  arm r e s t  about 6 inches. The v e r t i c a l  pos i t i on  of t he  forearms i n  

t h e  unpressurized s u i t  overlapped the  arm r e s t  1- inches. An elbow r e -  

s t r a i n t  and a f o r e a m  r e s t r a i n t  a l l ev ia t ed  these  conditions f o r  t h e  un- 
pressurized condi t ion,  however, s a t i s f a c t o r y  c o n t r o l l e r  operat ion w a s  
never obtained with the  pressurized s u i t .  

1 
2 

The second por tab le  l i f e  support system w a s  received from Hamilton 
Standard,  December 13, 1963, f o r  t e s t  and evaluation. 
b i l i t i e s  of pressurized su i t ed  subjec ts  i n  the  Apollo phase B s u i t  with 

Mobil i ty  capa- 



portable  l i f e  support system were conducted a t  1/6g i n  the  A i r  Force 
KC-135 a i r c r a f t .  Results of t he  tests which included f i l m  coverage, 
indicated t h a t  fu r the r  and more extensive t e s t i n g  i s  needed and w i l l  
be scheduled for e a r l y  January 1964. 
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SPACECRAFT SYSTEMS ENGINEERING 

FLIGHT TECKNOLOGY 

Aerodynamic s 

During t h e  p a s t  qua r t e r ,  t he  decis ion was made t o  proceed with t h e  
"tower f l a p  dual  mode" launch escape veh ic l e  (LEV) design a s  t h e  prime 
design approach. E f f o r t  i s  continuing within MSC on t h e  design of an  
a l t e r n a t i v e  LEV configuration using deployable canards. 

During the report ing per iod,  t h e  launch escape system (LES) pad 
abor t  performance and s t a b i l i t y  were demonstrated i n  the  f l i g h t  of 
b o i l e r p l a t e  6 a t  WSMR. 
p r i o r  t o  the  f l i g h t  and w e l l  beyond t h e  minimum requirements a t  apogee. 
The LEV was aerodynamically s t ab le  during the  abor t  up t o  tower j e t t i -  
son, although the  dynamic s t a b i l i t y  was somewhat less  than predicted.  
Further  c o r r e l a t i o n  of the t e s t  data with regard t o  aerodynamic charac- 
t e r i s t i c s  i s  continuing. 

Range and a l t i t u d e  were e s s e n t i a l l y  a s  predicted 

, 

The following wind tunnel  programs were performed during the  sub- 
j e c t  period: 

FS -2 S t a t i c  s t a b i l i t y  tests o f  t h e  tower f l a p  post  abort  con- 
-3 f igu ra t ion  a t  Ames Unitary and Arnold Engineering Develop- 

ment Center 

FD -6 Dynamic s t a b i l i t y  t e s t s  o f  t h e  tower f l a p  post  abort  con- 
f i g u r a t i o n s  a t  Ames 12-foot Tunnel 

PSTL-2 S t a t i c  and dynamic pressure d i s t r i b u t i o n  on the  spacecraf t  
during launch on t h e  Saturn 5 veh ic l e  

LEM/LJ 11- S t a t i c  s t a b i l i t y  of the LEM/Little Joe  I1 configuration i n  
Langley's 8-foot t ransonic  tunnel  

Resul ts  of t he  FD-6 t e s t  have indicated t h a t  t he  tower f l a p  and clean 
CM a r e  dynamically unstable f o r  Mach numbers up t o  0.8. 
of the  tower flap i s  s u f f i c i e n t  t o  tumble t h e  CM and tower when only 
one RCS i s  operative.  This w i l l  r e s u l t  i n  moving t h e  dual mode change- 
over point  from 30,000 feet  t o  a t  l ea s t  50,000 feet .  Some change i n  
t h e  sequencer timing may a l s o  be required.  Analyses of t h e  dynamic s ta-  
b i l i t y  of t h e  tower f l a p  and the clean CM w i l l  be continued during t h e  
next quar te r .  

The i n s t a b i l i t y  
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L i t t l e  Joe II/LEM configurat ion was t e s t e d  with 50 square-foot f i n s  
and found t o  have a negative s t a t i c  margin beyond t h e  cont ro l  capab i l i t y  
of  t he  launch vehicle .  Wind tunnel  tests a r e  p re sen t ly  being conducted 
with l a r g e r  f i n s  of 75 square-foot a rea  and 100 square-foot a rea  t o  
a l l e v i a t e  t h i s  control  problem. 

Ablation Mater ia l  Thermal Performance 

The abla t ion  hea t  sh i e ld  has  been redesigned t o  incorpora te  the  
following changes : 

( a )  Revised hea t ing  r a t e s  

(b) Decreased dens i ty  of t h e  5026 a b l a t o r  

(e  ) Improved thermal ana lys i s  computer program 

(d )  Increase i n  t he  number of  hea t  sh i e ld  design po in t s  from 62 
t o  258. 

The a b l a t o r  densi ty  has been reduced by changing the  manufacturing tech- 
nique o f  f i l l i n g  the  honeycomb from tamping t o  i n s e r t i o n  with a high pres-  
sure  gun. 
t o  t h e  physical ab la t ion  model including va r i ab le  sublimation temperature 
a s  a f'unction o f  input  heat ing r a t e .  A s  a r e s u l t  o f  these  changes, the  
a b l a t o r  xeiglit? reported by AVCO, has increased 194 pounds t o  a t o t a l  of 
1,547 pounds including bond mater ia l .  
an e f f o r t  t o  reduce the weight. 

The new thermal ana lys i s  program incorporates  a number of changes 

NAA i s  reviewing the  design i n  

A t e s t  program was i n i t i a t e d  a t  AVCO, Langley Research Center, and 
Ames Research Center t o  f 'urther explore the  ihf luence  of high aerodyna- 
mic shear on the  a b l a t i v e  mater ia l .  S imi la r ly ,  two dimensional wedge 
models a r e  being t e s t e d  i n  the  t h r e e  f a c i l i t i e s  t o  i d e n t i f y  b e t t e r  t he  
inf luence  of t e s t  condi t ions on the  performance o f  t h e  a b l a t o r  and t o  
ident i f 'y  the  proper method o f  ex t rapola t ion  of  t he  t e s t  da ta  t o  f l i g h t  
condi t ions.  During the  next qua r t e r ,  t he  r e s u l t s  of  t h i s  t es t  program 
w i l l  be compared and t h e i r  impl ica t ions  on the  Scout f l i g h t  test  and 
Apollo hea t  sh ie ld  design w i l l  be determined. 

A l l  four  Scout nose caps have been de l ivered  t o  Langley. It i s  
now estimated t h a t  t he  f i r s t  launch of  a Scout nose cap with the  current  
Apollo ab la t ive  mater ia l  w i l l  occur during the  second qua r t e r  of 1964. 

Aerodynamic Heat Transfer  

MSC has been exploring t h e  recent  experimental and a n a l y t i c a l  i n -  
formation regarding poss ib le  inc reases  i n  r a d i a t i v e  heat ing due t o  the  
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contr ibut ion o f  t he  u l t r a v i o l e t  po r t ion  o f  t he  spectrum. The p o t e n t i a l  
e f f e c t  on Apollo r a d i a t i v e  heating i s  an increase by a f a c t o r  o f  two t o  
th ree .  Further  study w i l l  be done during the  next qua r t e r  on t h e  subject  
p r i o r  t o  recommending t h e  incorporation o f  t h i s  f ac to r  i n  t h e  Apollo de- 
s i g n  heat ing r a t e s .  The e f f e c t  on the hea t  s h i e l d  design w i l l  probably 
be small because r a d i a t i v e  heating represents  a small percentage o f  t he  
t o t a l  hea t  load during reent ry .  

Natural  Environment 

Both NAA and GAEC a r e  conducting inves t iga t ions  o f  t h e  inf luence 
o f  various meteoroid pro tec t ion  c r i t e r i a  on t h e  spacecraf t  designs. 
These s tud ie s  are based on the  l a t e s t  meteoroid f l u x  model and the  Sum- 
mer's penetrat ion equation. The s t u d i e s  include a d e t a i l e d  f a i l u r e  ef-  
fects  inves t iga t ion  of meteoroid penetrat ion,  t he  e f f e c t  of including 
and excluding the  shower component of t he  meteoroid f lux ,  and the  weight 
i nc rease  i n  each of t h e  modules caused by various crew s a f e t y  and mission 
success p robab i l i t y  requirements up t o  0.9999. The r e s u l t s  o f  these two 
s tud ie s  w i l l  be presented t o  MSC during the forthcoming qua r t e r  and a 
s p e c i f i c  design c r i t e r i a  w i l l  be se lec ted .  

The negot ia t ions between NAA and the  General Motors Corporation 
f o r  a meteoroid impact simulation t e s t  program have been completed. 
con t r ac t  has been reviewed by the  Resident Office o f  ASP0 and it i s  ex- 
pected t h a t  the  program w i l l  begin before February 1, 196k 

The 

Radiation Dose 

Computations o f  the dose a t  t he  center  of t h e  CM u t i l i z i n g  a 183 
region spherical  s h e l l  model code have been made a t  MSC. The dose 
del ivered t o  t h e  skin o f  t h e  whole body when a phantom i s  i n  place i s  
approximately 72 'rad. This computation i s  based on a design f l u x  of 

2 .4  X 10 
a b i l i t y  o f  occurrence. The dose a t  t h e  blood forming organs and the  
eyes a s  computed f o r  t h i s  f l u x  i s  7.1 and 40 r ad ,  respect ively.  

9 2 protons/cm , corresponding t o  a f l a r e  with a 1-percent prob- 

It can be noted t h a t  t hese  dose values a r e  considerably below the  
??mLnal dclse I i r i j t s  wii'n t h e  exception o f  t h e  eye dose which can be 
reduced t o  the  spec i f i ed  l i m i t s  with a minimum amount o f  shielding.  
However, these computations do not include the  dose due t o  t h e  passage 
through t h e  r ad ia t ion  b e l t s .  

The dose numbers quoted herein are considered t o  be preliminary and 
a r e  presented only t o  give an order of magnitude i n d i c a t i o n  of t he  
s t a t u s  a s  of the  da t e  o f  t h i s  repor t .  Considerable e f f o r t  i s  being ex- 
pended a t  MSC and a t  NAA t o  obtain more accurate dose values and t o  in -  
v e s t i g a t e  various methods o f  dose reduction. It i s  expected t h a t  during 



40 

the  next quar te r ,  more accurate  dose values  w i l l  be ava i l ab le  from t he  
NAA and t h e  MSC computer codes and t h a t  more up-to-date r a d i a t i o n  b e l t  
da ta  w i l l  be ava i l ab le .  

Engineering Simulation 

The Farrand Opt ica l  Co., Inc.  has been chosen t o  provide t h e  v i s u a l  
d i sp lay  systems for t he  LEM simulation and t r a i n i n g  programs. Delivery 
of  t h e  two systems i s  scheduled f o r  e a r l y  1965. 

A GAEC Docking Simulation (IA-2) was cancel led because of  de l e t ion  
of  t he  extendible  probe docking system, and t o  allow extension of  t he  
Rendezvous Simulation I I A  through January 1964. 

The LEM Abort Simulation I11 being conducted a t  Ling-Temco-Vought 
has  been delayed due t o  d i f f i c u l t y  i n  computer mechanization. It i s  
expected t o  begin operat ion by January 27, 1964, and operate  through 
February 1964. 

conducting a s imulat ion of t h e  boost and abor t  phases o f  f l i g h t .  Evalu- 
a t o r  2 simulation i s  concerned with coas t ,  midcourse maneuvering, and SM 
abor t  phases o f  f l i g h t .  

Evaluators 1 and 2 w e  cur ren t ly  operat ing a t  NAA. Evaluator 1 i s  

S Y S m  INTEGRATION 

ASP0 i s  cu r ren t ly  ?reparing a study recommending In-Fl ight  mainte- 
nance requirements f o r  -the Block I1 CSM. This  study has p r e c i p i t a t e d  
the  following addi t iona l  requirements: 

( a )  Ground r u l e s  must be developed determining whether or not t h e  
data  (not vo ice )  up and down l i n k  c a p a b i l i t i e s  a r e  mission 
success c r i t e r i a .  

(b) A j o i n t  cont rac tor  study must determine whether packaging 
techniques common t o  both LE51 and CM a r e  f e a s i b l e .  

( e )  If  common packaging i s  not the  b e s t  approach, packaging 
techniques t h a t  b e s t  s a t i s f y  the ind iv idua l  CM and LEM con- 
s t r a i n t s  must be developed. 

NAA expects t o  r e l ease  i n  preliminary form t h a t  po r t ion  o f  the  
"Apollo Signal  Def in i t ion  Documect" which def ines  GSE - Spacecraf t  sub- 
system i n t e r f a c e s  by mid-February 1964. 

GAEC has received d i r e c t i o n  t o  prepare a "Signal Def in i t i on  Docu- 
ment" f o r  LEM s imi l a r  t o  t h e  NAA document mentioned above. No schedules 
concerning t h i s  document have y e t  been defined. It i s  expected t h a t  MIT 
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w i l l  provide a s imi l a r  document f o r  t h e  guidance and navigation system. 

NAA i s  providing Functional-Time-Flow Diagrams f o r  a l l  b o i l e r p l a t e  
14 equipment and equipment in t e r f aces .  
o f  drawing for a l l  airframes. 

NAA expects t o  provide t h i s  type 

It i s  expected t h a t  GAEC and MIT w i l l  be required t o  provide simi- 
l a r  drawings for t h e i r  respect ive equipment and equipment in t e r f aces .  

I n  support o f  revised plans for Apollo f l i g h t  t e s t i n g ,  requirement 
for a mission programer ( the  equipment needed aboard Apollo t o  accomplish 
unmanned f l i g h t s )  was c e r t i f i e d .  The ASP0 requirements of  t h e  mission 
pl-Jv bi "= dmey can be swimari zed u s  follows : 

( a )  Accomplishment of normal ON-Om funct ions 

(b)  Provision f o r  f a i l u r e  - abor t  s i t u a t i o n s  

( e )  Automatic alinement of s t a b i l i z a t i o n  references,  f o r  f l i g h t s  
longer than about one day 

(d)  F lex ib l e  design t o  accommodate mission complexity and changes. 

A study of t h e  possible  a p p l i c a b i l i t y  o f  t h e  Gemini crewman simulator 
t o  the  Apollo needs bas been i n i t i a t e d .  Preliminary r e s u l t s  i nd ica t e  
that,  t he  Gemini device w i l l  not be usable for Apollo because: 

( a )  The Gemini unmanned mission i s  about BO minutes i n  length; 
Apollo plans a r e  for f l i g h t s  l a s t i n g  hours or days. 

(b) Important d i f f e rences  e x i s t  between Gemini and Apollo i n  the  
means o f  separat ing the spacec ra f t  from t h e  boos te r s ,  i n  de- 
o r b i t i n g  procedure, and i n  t h e  d e t a i l e d  operat ion o f  t h e  sub- 

systems. 

The CSM E l e c t r i c a l  Power Load Analysis,  based on t h e  14-day Lunar 
Landing Mission, i nd ica t e s  t h e  following e l e c t r i c a l  energy requirements: 

( a )  f i e 1  c e l l  energy 578.4 KWHR 

(b) Entry and landing 1060.5 W -H 

( c )  Post  landing 904.8 W-H 

GAEC i s  i n  the  process o f  preparing an e l e c t r i c a l  power system 
(EPS) Design Load Analysis based on t h e  LEM-EPS C r i t i c a l  Design f i s s i o n .  
T h i s  l a a d  ana lys i s  w i l l  be used a s  a b a s i s  for design o f  t h e  LEN EPS. 
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ASPO has Tn i t i a t ed  arrangements with NAA and GAEC t o  e s t a b l i s h  a 
power control  program. The program w i l l  include d e f i n i t i o n  o f  types of 
Normal and Emergency E l e c ' , r i c a l  Power Load Analysis;  Subsystem E l e c t r i -  
c a l  Energy Apportionment; Methods o f  E l e c t r i c a l  Power Reporting and Re- 
view; and Control of E l e c t r i c a l  Energy Growth. 

DESIGN INTECT'RATION 

Docking In t e r f ace  

The ASPO has t ransmi t ted  t h e  Docking I n t e r f a c e  Ground Rules and 
Performance and Design C r i t e r i a  t o  NAA and GAEC t o  serve a s  gu ide l ines  
i n  the  development of t h e  docking in t e r f ace .  The major ground r u l e s  a r e  
summarized a s  follows : 

(a)  There a r e  tow modes of  docking operat ions;  t he  primary mode 
will r e s u l t  i n  a s t r u c t u r a l  connection s u i t a b l e  f o r  crew 
t r ans fe r  and mission operations.  
s u l t  i n  f r e e  space ex t ravehicu lar  crew and payload t r a n s f e r .  

The emergency mode w i l l  r e -  

(b) The CSM i s  assigned an ac t ive  r o l e  i n  t rans lunar  docking and 
both the CSM and LEM w i l l  be capable of assuming t h e  a c t i v e  
r o l e  i n  t he  lunar  o r b i t  docking operation. 

( c )  An unaided crewman must be capable o f  executing t h e  docking 
maneuver and crew t r a n s f e r  f o r  e i t h e r  the  primary or emer- 
gency mode. 

(a) There a r e  two modes of  crew t r a n s f e r  i n  the  docked configura- 
t ion;  the primary mode i s  intramodular with an open f acep la t e  
space s u i t .  The emregency mode i s  ex t ravehicu lar  with a pres-  
surized space s u i t  and por tab le  l i f e  support system. I n  ad- 
d i t i on ,  t he  spacecraf t  design w i l l  accommodate f r e e  space 
extravehicular  crew t r a n s f e r  f o r  emergency docking operat ions.  

The docking i n t e r f a c e  systems w i l l  not  compromise o the r  sub- 
system operat ions or increase  t h e  complexity of  emergency 
mission operat ions.  

( e )  

Apollo Spacecraf t  Weight 

Table V I 1  shows the  cont ro l ,  design goa l ,  and cur ren t  weight 

The t r a n s e a r t h  
s t a t u s  and changes from previously reported da ta .  The CM and SM weights 
increased 120 pounds and 280 pounds respec t ive ly .  
p rope l lan t  requirement increased 245 pounds a s  a r e s u l t .  LEM ascent  and 
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descent s tage i n e r t  weights a r e  reduced 375 pounds and l 5 O  pounds, 
r e spec t ive ly ,  a s  a r e s u l t  of t he  emphasis on weight reduct ion.  Ascent 
and decent propel lant  requirements a r e  decreased 365 pounds and 1,060 
pounds each as  a r e s u l t .  The reduct ion of  LEN weight r e s u l t s  i n  a 
decrease of  610 pounds of  t r ans luna r  propel lan t .  

Command Module.- Changes to t h e  CM include s t r u c t u r a l  changes f o r  
forward hea t  sh i e ld  r e l ease  system redesign,  forward p i t c h  motor pro- 
t e c t i o n ,  increased cen te r  s ec t ion  ab la t ion  ma te r i a l ,  add i t ion  o f  a 
second drogue parachute,  and docking provis ions.  The major weight i n -  
crease i s  due t o  t h e  docking provis ions.  

Service Module.- The majori ty  of t he  SM weight increase  r e s u l t s  
from the  addi t ion  of  t he  rendezvous radar  i n s t a l l a t i o n .  
s u p e r c r i t i c a l  hydrogen s torage  tanks i s  increased due t o  add i t iona l  
wa l l  thickness required a s  a r e s u l t  o f  a tes t  tank f a i l u r e .  

Weight of t h e  

Launch Escape System.- Addit ional  s t r u c t u r e ,  e l e c t r i c a l  system 
requirements, separa t ion  provis ions,  and rinsulation have increased  the  
LES weight 135 pounds. A hea t  sh i e ld  p ro tec t ive  cover increased the  
weight 175 pounds. The add i t ion  of 255 pounds of  b a l l a s t  i s  required 
t o  move the  combined CM/LES cen te r  of g rav i ty  forward due t o  aerodynamic 
s t a b i l i t y  requirements. 

Lunar Excursion Module.- The L,EM weight change r e s u l t e d  pr imar i ly  
froni reductioi? of  s t r u c t u r a l  weight assoc ia ted  with meteor0i.d p ro tec t ion ,  
reduct ion of wire gage and i n s u l a t i o n  thickness  and reduct ion of the  
number of  sensors and assoc ia ted  wiring. However, t he  p rope l l an t  r e -  
quirements based on t h e  r e s u l t a n t  s tage  i n e r t  weights exceed the  tank 
capac i t i e s .  The tanks have the re fo re  been r e s i zed  t o  provide s u f f i c i e n t  
capac i t i e s  and the  weights ad jus ted  t o  these  values  shown i n  t a b l e  V I I .  

An extensive program t o  reduce LEM weight has been i n i t i a t e d  a t  
GAEC and i s  beginning t o  produce r e s u l t s .  
duction w i l l  continue. Due t o  i d e n t i c a l  weight problems, s imi l a r  pro- 
grams a r e  required for t he  remaining modules. An in t eg ra t ed  weight con- 
t r o l  program f o r  t he  complete spacecraf t  i s  the re fo re  being prepared for 
immediate implementation a t  a l l  cont rac tors .  

Emphasis on LJ34 weight r e -  

CREM INTEGRATION 

The centr i fuge t e s t  program was conducted between October 25 and 
December 20, 1963, t o  determine t h e  CM crew support ,  sui t ,  and con t ro l  
d i sp lay  accep tab i l i t y  under acce lera t ion  loads.  The tests confirmed 
e a r l i e r  in te r face  problems between the  s u i t  and t h e  couch; t h a t  i s ,  
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suit-elbow area expansion beyond the  couch arm support  and r e s t r i c t i o n  
of downward v i s ion  by the  l o w e r  por t ion  o f  t h e  helmet facepla te .  
t he  crew r e s t r a i n t  system was found acceptab le ,  t h e  ches t  buckle f o r  the 
harness  c rea ted  problems both i n  p ressure  on the  ches t  under accelera-  
t i o n  and i n  l ack  of  a c c e s s i b i l i t y .  Subpanels 5, 9, and 16 of t h e  main 
d isp lay  console proved inadequate due t o  l ack  of v i s i b i l i t y  and d i f f i -  
cu l ty  of access due t o  obs t ruc t ion  by the  hand con t ro l l e r s  and the  
clearance required by the  w r i s t  r i ngs  of t h e  pressure  s u i t  glove assembly. 
No crew tolerance or ser ious  performance d i f f i c u l t i e s  were experienced 
under t h e  acce le ra t ion  p r o f i l e s  o f  i n t e r e s t  and t h e  d isp lays  subpanels 
2 and 4 were adequately v i s i b i l e .  
par ing  a working paper on r e s u l t s  of t h e  program including p i l o t ' s  
comments. 
American Aviation, Inc.  
a l r e a d j  completed memoranda repor t s  on 
guidance and navigation display and keyboard (subpanel 14. ) 

While 

The Manned Spacecraf t  Center i s  pre- 

A separate  ana lys i s  o f  t h e  da ta  i s  being prepared by North 
The Massachusetts I n s t i t u t e  of Technology has 

a b r i e f  t e s t  per ta in ing  t o  the  

Each subsystem, i t s  funct ional  l o g i c ,  and the  assoc ia ted  cont ro ls  
and d i q l a y s  have been reviewed on a schedule which completes a review 
o f  a l l  systems by January 29, 1964. The r e s u l t s  of  th is  con t ro l  d i s -  
p lay  review, t h e  centr i fuge program, and seve ra l  changes t o  systems w i l l  
r equ i r e  a rework of the  main display console. 
changes will be consolidated not l a t e r  than February 15, 1964. 

It i s  expected t h a t  a l l  

The Preliminary In tegra ted  Apollo F l i g h t  C r e w  Task Analysis,  14-Day 
Lunar Landing Mission, NAA SID 64-73, was published December 30, 1963, 
and i s  being reviewed by MSC elements. 

TEST PROGRAM PUWNING 

On November 6, lL963, Apollo cont rac tors ,  NAA, GAEC, and MIT, were 
d i r ec t ed  t o  form an In t eg ra t ed  Contractor Team f o r  t he  purpose of  con- 
duct ing a review of  t he  ove ra l l  Apollo Test Program. 
r u l e s  and guidel ines  f o r  planning purposes was provided by Apollo Space- 
c r a f t  Program Manager, and t h e  Chief of t h e  Systems Engineering Division 
w a 3  dc:sig;liat,cu z s  tlie ASP2 poiiit of coiitact f o r  guidance ail6 cwwrdina- 
t i o n .  Ground rules and guidel ines  were rev ised  i n  some re spec t s  a s  the  
r e s u l t  of l a t e r  ASPO/Integrated Contractor Team discussions.  

A s e t  of ground 

*.-- - -- -.-- L- 2 

A f i r s t  cut  t e s t  program was completed by November 2 5 ,  1963, and 
a preliminary Saturn/Apollo F l igh t  Program on December 4, 1963 (Figs.  7-10). 

Additional backup information r e l a t i v e  t o  the  proposed major ground 
and f l i g h t  t e s t s  has a l s o  been received from the  cont rac tor  team. A 
cont rac tor  presenta t ion  w i l l  be made t o  ASPO/MSC on January 3, 1964. 
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RGIABILITY 

A r e l i a b i l i t y  and f l i g h t  worthiness assessment f o r  b o i l e r p l a t e  6 
was prepared f o r  t h e  use of t he  "Mission Readiness Review Committee." 
Although the  assessment d i d  not r e s u l t  i n  any hardware or design changes, 
it served the purpose of focusing a t t e n t i o n  upon marginal or p o t e n t i a l  
problem areas  and pointed out  t h e  need f o r  more d e t a i l e d  and comprehen- 
s ive  information t o  support t he  f l i g h t  worthiness assessments fo r  f'u- 
t u r e  missions. 
12  and bo i l e rp l a t e  13. 

Simi lar  assessments a r e  now underway for b o i l e r p l a t e  

A c r i t i c a l  review and evaluat ion of MIT/TL R e l i a b i l i t y  Program 
Plan (R349, Rev. A )  were completed. This eva lua t ion  was based upon 
t h e  requirements of  NASA R e l i a b i l i t y  Publ ica t ion  250-1, R e l i a b i l i t y  
Propram Provisions f o r  Space System Contractors.  
with the  Manager of  R e l i a b i l i t y  and Qua l i ty  Assurance a t  MIT/IL on De 
cember 17, 1963, f o r  a d e t a i l e d  discussion of  t h e  recommended changes 
i n  the  R e l i a b i l i t y  Program Plan. MIT has agreed t o  incorpora te  a l l  of 
t he  recommended changes i n  a revised R e l i a b i l i t y  Program Plan which i s  
planned f o r  publ ica t ion  on January 31, 1964. 

A meeting was held 

An MSC R e l i a b i l i t y  Assessment study of  t h e  LES for t h e  Apollo space- 
A s  a r e s u l t  of t h i s  s tudy,  s p e c i f i c  recommendations 

The r e s u l t s  o f  t h i s  independent assessment gen- 

c r a f t  was completed. 
were made t o  North American Aviation, Inc . ,  covering a reas  of  poss ib le  
r e l i a b i l i t y  improvement. 
e r a l l y  subs tan t ia ted  the  r e l i a b i l i t y  pred ic t ions  prepared by NAA/S and 
ID.  

Detailed plans have been completed f o r  an in t eg ra t ed  Apollo Data 
This da ta  center ,  using high speed computers f o r  t he  s torage Center. 

and r e t r i e v a l  of var ious  types of r e l i a b i l i t y ,  qua l i t y ,  and r e l a t e d  
engineering information, i s  needed because of  t h e  acce le ra t ed  time 
schedules o f t h e  Apollo program, the  l a r g e  number of  cont rac tors ,  and 
the  enormous volume o f  information. 
da ta  center  w i l l  enable t h e  s torage and instantaneous r e t r i e v a l  of v a r i -  
ous types of information such as t rouble ,  f a i l u r e  and cor rec t ive  a c t i o n  
da ta ,  p a r t s  qua l i f i ca t ion  s t a t u s ,  opera t ing  time/or cycles  on l imi t ed  
l i f e  i tems , par t s  app l i ca t ion  information, mission success ,  and crew 
sa fe ty  r e l i a b i l i t y  assessments, t e s t  r e s u l t s ,  p a r t s  q u a l i f i c a t i o n  s t a t u s ,  
p a r t s  appl ica t ion  information, e t  ce t e ra .  Moreover, t he  use of t h i s  
technique fo r  ob ta in ing  f a s t  and frequent program v i s i b i l i t y  i s  ex- 
pected t o  y i e ld  information with respec t  t o  supp l i e r  performance, 
p o t e n t i a l  r e l i a b i l i t y  and qua l i ty  problem a r e a s ,  and r e l i a b i l i t v  
and qua l i ty  trends.  The de ta i l ed  requirements for input  da ta  from the  
major contractors  a r e  s p e c i f i c a l l y  de l inea ted  i n  a document e n t i t l e d  

It i s  expected t h a t  t he  automated 
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"Contractor Information Control Center Requirements. " This document was 
s e n t  t o  MIT/IL, NAA/S and I D ,  and GAEC for review and comment. A series 
of meetings t o  discuss  th i s  program has been and i s  being held with each 
of t he  above contractors .  Present plans contemplate t h e  i n i t i a t i o n  of 
the E lec t ron ic  Data Processing of f a i l u r e  and co r rec t ive  a c t i o n  r epor t s  
a t  t h e  MSC Computer Center, no l a t e r  than February 1964. 
ava i l ab le  f a i l u r e  and correct ive a c t i o n  data generated i n  the  Mercury 
program i s  cu r ren t ly  s t o r e d  on magnetic tape i n  the  data cen te r  and i s  
ava i l ab le  f o r  immediate dissemination upon request.  This information 
should prove valuable to t h e  Apollo program i n  point ing up p o t e n t i a l  
r e l i a b i l i t y  or q u a l i t y  problem areas ,  s ince  i t  contains  data  with re- 
spec t  t o  MSC "common xsage" p a r t s  and because many o f  t h e  major sub- 
contractors  are t h e  same f o r  t he  Apollo program as  w a s  t he  case i n  the  
Mercury program (for example, AiResearch for t he  ECS system; Coll ins  
REdio for communications, e t  cetera.  ) 

A l l  o f  t h e  

A complete l i s t i n g  of a l l  Mercury f a i l u r e s  and co r rec t ive  a c t i o n  
has been furnished to NAA/S and I D ,  MIT/IL, and GAEC, and GD/Convair, 
San Diego, a s  w e l l  a s  each o f  the ASP0 of f i ces .  

QUALITY ASSURANCE 

A de ta i led  review and evaluation of t he  MIT/IL Quality Program 
Plan  were completed and recommendations for r e v i s i o n  and improvement o f  
t h i s  document have been forwarded t o  MIT. MIT w i l l  submit a revised 
Qua l i ty  Program Plan i n  March 1964. 

A d r a f t  o f  a proposed consolidated and standardized Acceptance Data 
Package for de l ive rab le  end-items w a s  completed and i s  ready f o r  sub- 
mission t o  t h e  th ree  major contractors  f o r  implementation. 

The Government Inspect ion Agency Inspect ion Plan f o r  LEM prepared 
by BUWEPS, Bethpage, N . Y . ,  has been completed, reviewed, and approved. 

A review was made of t h e  Aerojet General Proposal PSD-63164 for 
t h e  procurement of eleven addi t ional  ALGOL rocket  engines for t h e L i t t l e  
J o e  I1 program for t h e  zdequacy of  t he  q u a l i t y  assurance requirements. 
The work statement for -this document was revised t o  r e f l e c t  t he  addi- 
t i o n a l  q u a l i t y  requiremen-ts. 
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Three were with b o i l e r p l a t e  1 and f i v e  were with b o i l e r p l a t e  2. 
were conducted on land and water with the  land  t e s t  numbers being 55 
through 59, and the  water t e s t  numbers be ing  60 through 61. 
t e s t s  were conducted a t  roll condi t ions of 0" through 180" and a l s o  t o  
v e r i f y  the  crushable-edge tumbling concept. The crew compartment s t r u t s  
were bottomed and severely damaged on t h r e e  land  drops. 

Tes ts  

The land  

Boi le rp la te  25 

During the  month of October 1963, t h i s  vehic le  was used operat ional-  
l y  t o  evaluate  the  Apollo r e t r i e v a l  r i g  on t h e  motor v e s s e l  ' R e t r i e v e r ' .  
Several  runs were made, both i n  t h e  Gulf of  Mexico and i n  Galveston Bay. 
An evaluat ion was made of t he  mock-up of  t h e  NAA suggested recovery b a l e  
and the  spacecraf t  was picked up i n  severa l  a t t i t u d e s ,  including one with 
a 30' cant .  
t he re  were some disadvantages. This Apollo b o i l e r p l a t e  was used t o  de- 
termine the  opera t iona l  e f fec t iveness  of a dav i t  r e t r i e v a l  r i g  on board 
the motor vesse l  'Re t r i eve r '  i n  t h e  Gulf and i n  the  Bay. The MSC p a r t  
of th is  evaluation has been completed and a demonstration has been con- 
ducted for the  DOD and Navy representa t ives .  It i s  planned t h a t  the  
d a v i t  r e t r i e v a l  r i g  and b o i l e r p l a t e  25 w i l l  be sen t  t o  the  Norfolk Naval 
Base within the f i r s t  quar te r  of 1964 f o r  f 'urther evaluat ion aboard des- 
t roye r  type vesse ls .  
tankers ,  and ARS type vesse l s  w i l l  a l s o  be inves t iga ted .  

The l a r g e  ba l e  could be u t i l i z e d  s a t i s f a c t o r i l y ,  although 

The problems assoc ia ted  with r e t r i e v a l  by c a r r i e r s ,  

AFRM 008 

S ta tus  and Data Acquis i t ion System (DAS).. NAA i s  implementing a 
hard l ine  concept f o r  accommodating a l l  research  and development measure- 
ment requirements ( research and development measurements a r e  defined a s  
those not a p a r t  o f  the  f l i g h t  and PACE checkout complement) assoc ia ted  
with the  AFRM 008 environmental proof t es t  (EPT). PCM and f l i g h t  qua l i -  
f i c a t i o n  measurements w i l l  be handled according t o  normal S/C operat ion.  
PACE carry-on checkout equipment will remain on board f o r  i n i t i a l  unmanned 
t e s t s .  

Measurements.- NAA i s  attempting t o  reduce t h e  present  quant i ty  of  
measurements reflected i n  the  November 6, 1963, AERM 008 Measurement Re-  
quirements L i s t  (SID63-508-1). NAA i s  using t h e  l a t e r  p a r t  of February 
1964 a s  a t a rge t  da t e  for r e l e a s e  of  what i s  hoped to be  a firm or f ro-  
zen measurement l i s t .  

MSC PACE S ta t ion :  Plans have been formalized f o r  t h e  calendar 
t iming/ ins ta l la t ion  of t h e  Houston, Texas, PACE s t a t i o n  wi th  the  i n -  
s t a l l a t i o n  and checkout of GSE. GE and NAA a r e  working toward t h e i r  
implemen t a  ti on. 
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SPACECRAFT TEST 

GROUND TEST ARTICLES 

Tes t  Fixture  F-2 

Manufacturing of Tes t  Fixture  F-2 ( serv ice  propulsion subsystem) 
was completed during the  l a s t  repor t ing  per iod (July-September 1963). 
The t e s t  f i x t u r e  was shipped d i r e c t l y  from NU'S Los Angeles Division 
on October 9, 1963, and a r r ived  a t  White Sands Missi le  Range (WSMR) on 
Octo',Pr 14, 1963. Following i t s  rece iv ing  inspec t ion ,  t h e  f i x t u r e  was 
placed i n t o  s torage i n  Building 1540, WSMR, u n t i l  t he  construct ion of  
Tes t  Stand I a t  the  Propulsion System Development F a c i l i t y  (PSDF) was 
completed and could accept  the t e s t  a r t i c l e .  Test  F ix ture  F-2 was re- 
moved from storage and placed on Tes t  Stand I on December 27, 1963. 

The Data Acquis i t ion System was de l ivered  t o  the  PSDF from Beckman 
Instruments ,  Inc . ,  on December 12, 1963. The system has been i n s t a l l e d  
and i s  scheduled t o  complete i t s  acceptance t e s t l n g  by February 1, 1964. 

During the  l a s t  repor t ing  period, t h e  i n i t i a l  f i r i n g  of  F-2 was 
s l ipped  u n t i l  March 6, 1964, due t o  s l ippage of  F-2's GSE. U t i l i z i n g  
the  current  estimated de l ivery  dates  for the  GSE, the  e a r l i e s t  f i r i n g  
u t i l i z i n g  F-2 w i l l  not be u n t i l  l a t e  i n  the  second quar te r  of 1964. 

Airframe 001 (Service Module Only) 

Airframe 001 SM was removed from t h e  assembly j i g  and i n s t a l l e d  
i n t o  t h e  pick-up j i g  on November 1, 1963. On December 20, 1963, t h e  
SM was moved from the  pick-up j i g  i n  Building 6 and t r ans fe r r ed  i n t o  
Building 290. Completion o f  the bas i c  s t r u c t u r e  w i l l  continue i n  mild- 
i n g  
and subsystem i n s t a l l a t i o n .  
da t e s  o f  t h e  SM's subsystem, manufacturing w i l l  not be completed u n t i l  
mid-August 1964. 

Schedule (MDS) 7. 

290 along with wiring harness i n s t a l l a t i o n ,  plumbing i n s t a l l a t i o n ,  
However, based on present  known de l ivery  

This represents  a s l i p  o f  5 months wi th in  manu- 
*.- L ~ L  -.A,.-.-! buI 1116 -- wIILII  cmpirec? t~ t,he dates presented i n  Master Development 

N U  has been requested t o  present  t h e i r  recovery plan t o  MSC i n  
However, it i s  January 1964,to r e tu rn  t h e  S M  within scope of  MDS 7. 

probable t h a t  the  GSE f o r  Airframe 001 SM w i l l  be the  major pacing item 
t o  support any schedule. 

Boi le rp la tes  1 and 2 

I n  t h i s  quar te r ,  a t o t a l  o f  e i g h t  impact t e s t s  were conducted. 



MSC Facility/AERM 008 GSE: Plans have a l s o  been formalized for t he  
i n s t a l l a t i o n / i n t e g r a t i o n  of t h e  MSC PACE s t a t i o n  with the  Space Environ- 
ment F a c i l i t y  (SEF) and the  A m  008 GSE. 

t h e i r  proposed ac t iva t ion  plan f o r  t he  B E C  SEF. 
coordinated with the  E and D D i rec to ra t e ' s  S t ruc tu res  and Mechanics 
Division (S and MD). 

MSC F a c i l i t y  Act ivat ion Plan: NAA i s  i n  the  process of f i n a l i z i n g  
This p lan  i s  being c lose ly  

Man Rating and Safe ty  Requirements. - A NAA/NASA committee has r e -  
cen t ly  been es tab l i shed  f o r  t he  purpose of determining the  requirements 
for and de f in i t i on  of the  man-rating and s a f e t y  of the  EPT T/V chamber. 
GAEC w i l l  be i n v i t e d  t o  p a r t i c i p a t e .  

Logis t ics .  - NAA i s  preparing a spares  requirement p lan  i n  support  
of AFRM 008 t e s t i n g  a t  MSC. 
view i n  February 1964. 

This p lan  should be availab!.e f o r  ASPO r e -  

AFRM 008 General Test  Plan.-  NAA i s  continuing work on updating t h e  
i n i t i a l l y  proposed 7-Run T e s t  Plan.  
combining, and fu r the r  d e f i n i t i z i n g  the  o r i g i n a l l y  proposed tes t  plan.  
This w i l l  a l s o  include t h e  b e s t  currently-known man-rating and s a f e t y  
aspects  of environmental chamber operat ion.  

CSM/LTA Ground Test  Plan.-  NAA has not  completed t h e i r  study and 
proposed t e s t  requirements f o r  t h e  ground t e s t  an t i c ipa t ed  a t  NAA and 
MSC. 
Document AP63-86, l imi t ed  t h e i r  e f f o r t  and prevented t h e i r  scheduled 
presenta t ion  t o  ASPO on December 15, 1963. This information was re- 
quired t o  permit proper long-range planning with MSC F a c i l i t y  Personnel. 

This  t a s k  included s i m p l i e i n g ,  

The recent  NAP. e f f o r t  on t h e  proposed Apollo S/C Development P lan ,  

€'Sans.- 1. To propose a survey of  e x i s t i n g  l a r g e  man-rated op- 
e r a t i o n a l  environmental f a c i l i t i e s  i n  the  U.S. f o r  purposes o f  obtaining 
information on an t i c ipa t ed  a s  opposed t o  a c t u a l  e f f o r t  of  i n i t i a l  check- 
ou t ,  operation, and man-rating of  chambers. These da ta  a r e  t o  be used 
as a "yardstick" f o r  updating t h e  MSC chamber checkout p lans .  

2 .  To acce lera te  t he  e f f o r t  t o  firm-up measurement requirements 
l i s t ,  def ini t ize  instrumentation i n s t a l l a t i o n  c r i t e r i a  and complete r e -  
l e a s e  of a l l  instrumentat ion procurement. 

3.  

4. 

To acce le ra t e  the  e f f o r t  t o  r e l e a s e  the  CSM/LTA Ground T e s t  Plan.  

To evolve an optimized PACE s t a t i o n  design f o r  t h e  MSC Environ- 
mental F a c i l i t y .  

Boi le rp la te  14 
Sta tus .  - S t r u c t u r a l  design vas completed Octqber 1, 1963, a s  scheduled. 

SLTstems design r e l ease  vas not completed December 31, 1963. 
design changes and co 

Necessary 
c t i o n  planning and 



. 

i n i t i a l  
engineering t o  February 1, 1964. 

f ab r i ca t ion ,  have r e su l t ed  i n  rescheduling completion of  

Completion of t he  s t r u c t u r a l  assembly was delayed because of  t h e  
above engineering changes and i s  now scheduled f o r  y-id-January 1964 a s  
opposed t o  mid-Yovember 1963. 
Apr i l  1964 completion of f i n a l  i n s t a l l a t i o n  and checkout. 
was previously scheduled f o r  m.id-February 1964. 
systems t e s t s  i n  June 1964 ins tead  o f  Apr i l  1964 i s  expected. 
e l e c t r i c a l  power system (EPS) t e s t s  w i l l  be f i r s t ,  followed by t e s t s  
on the  environmental cont ro l  system (ECS). 

This i s  expected t o  r e s u l t  i n  a mid- 

The s t a r t  of  complete 
Completion 

The 

Plans.-  NAA w i l l  be requested t o  submit, f o r  ASPO review and i n -  
formation, a d e t a i l e d  plan of proposed t e s t i n g  with a weekly increment 
of  s c he d u l i  ng . 

Boi le rp la te  27/LTA -2 

Bo i l e rp l a t e  27 - Sta tus . -  Design has been completed and the  US, 
CM, and SM a r e  on schedule for a May 1, 1964, del ivery  t o  MSFC. 

Problems. - Recent engineering changes ( length changed t o  336 i n .  
from 345 i n . )  on the  S - m  CLEM) adapter  r e s u l t  i n  a schedule delay i n  
completion o f  t h e  LErC adapter.  

Plans.-  NAA and ASPO a r e  negot ia t ing a S-FIB adapter  de l ive ry  
schedule compatible with the  MSFC t e s t  requirements. 

LTA-2 - S t a t u s . -  The b a s i c  design has  been completed; ho-dever, LTA-2 
as presen t ly  under cont rac t  does not  meet MSFC requirements regarding 
ba l las t  capab i l i t y .  

Problem. - MSFC requi res  a means t o  “of f  load” p rope l l an t  ( b a l l a s t )  
on LTA-2 during Saturn I -B  and V t e s t i n g .  

Plans.-  ASPO i s  processing a CCA t o  implement t h e  necessary changes. 

Al?RM 006 

Sta tus . -  The CM s t r u c t u r e  design was re leased  January 1963. System 
The i n s t a l l a t i o n  design r e l ease  i s  on schedule f o r  mid-February 1964. 

SM s t r u c t u r e  design was re leased  i n  J u l y  1963 and the system i n s t a l l a t i o n  
design i s  on schedule f o r  MDS-7. 

Manufacturing problems have been encountered, causing a delay i n  
completion o f  the  CM s t ruc tu re  sub-assemblies. Correction of %he too l ing  
has been completed and rework of t h e  honeycomb bonding d iscrepancies  



(voids i n  face sheet  t o  core  bond) a r e  i n  process.  
endeavoring t o  rega in  schedule. The system compo1;ent d e l i v e r i e s  a r e  
genera l ly  on schedule, and oxygen and water/water-glycol valves  w i l l  
pace completion of  t he  ECS. 
p a r t s  will cont r ibu te  a two weeks delay on f i n a l  de l ivery  of the  com- 
munication and instrumentat ion ( C  and I) system. 
RCS and heat  sh i e ld  have r e s u l t e d  i n  l a t e r  es t imates  of  de l ive ry  comple- 
t ions .  Estimated da te  f o r  t h e  l a s t  RCS de l ive ry  now i s  J u l y  1964 i n s t e a d  
of  Apr i l  1964 and September 1964 ins t ead  of  J u l y  1964 on the  hea t  sh i e ld .  

The cont rac tor  i s  

Late  procurement of purchased and f ab r i ca t ed  

Design changes on t h e  

Revised manufacturing planning i s  i n  process a t  NAA and e f f o r t s  
a r e  being made t o  rega in  the  MDS-7 schedule pos i t i on  before  completion 
o f  system(s) i n s t a l l a t i o n  and checkout scheduled f o r  October 1964. 

FLIGHT TEST ARTICLES 

Bo i l e rp l a t e  12  

Boi le rp la te  12  was t r ans fe r r ed  from manufacturing t o  the  AT0 a rea  
on October 18, 1963. 
during December by i n i t i a t i n g  a th ree - sh i f t  operat ion,  i n  an attempt 
t o  provide a minimum s l i p  t o  the  MDS-7 de l ivery  date .  
schedule sl ippage occurred due t o  underestimating manufacturing t ime, 
removal of aerodynamic s t r akes ,  and working o f f  desigii engineer ing i n -  
spect ion (DEI) items. 
commence on January 2 5 ,  1964. 
Februarv 1. 19% and t h e  CM w i l l  be scheduled f o r  shipment about Febru- 
a ry  6, 1964. 
November 1 4 ,  1963, and i t  i s  expected t o  a r r i v e  a t  WSMR on February 7, 
1964, i nd ica t ing  a s l i g h t  delay due t o  t h e  design and i n s t a l l a t i o n  
of t h r u s t  termination s:.'stem ('ITS). 
of t he  command des t ruc t  system design which was flown on t h e  q u a l i f i -  
ca t ion  t e s t  vehicle .  
estimated launch da te  i s  Apr i l  15, 1964. 

The ind iv idua l  systems t e s t s  were acce le ra t ed  

Previously,  

The in t eg ra t ed  systems t e s t s  a r e  expected t o  
The SM w i l l  be shipped t o  WSMR on or about 

The L i t t l e  Joe I1 launch vehic le  DEI was conducted on 

The TTS may be u t i l i z e d  in s t ead  

I n  working a 5-day week scheduled a t  WSMR, t h e  

Boi le rp la te  13 

Boi le rp la te  13 was t r ans fe r r ed  t o  t h e  Apollo T e s t  and Operations 
(ATO) checkout a rea  t o  undergo f ac to ry  acceptance t e s t i n g  on November 
28, 1963. 
f o r  performing the  In tegra ted  Systems T e s t ,  and problems encountered with 
GSE va l ida t ion  when it  f i n a l l y  a r r ived .  
now scheduled t o  begin on January 27, 1964, with f i e l d  de l ivery  on Febru- 
ary 5, 1964. 

Checkout was delayed due t o  non-ava i lab i l i ty  of  GSE required 

The In tegra ted  Systems T e s t  i s  

This i s  approximately 4 weeks behind de l ivery  da t e  pe r  
ME-7. 

. 
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Bai le rp la te  15 

Boi le rp la te  15 has completed manufacturing. A NAA in-house devel- 
opment engineering inspec t ion  i s  scheduled f o r  January 8, 1964. The 
NASA development engineering inspect ion i s  scheduled f o r  January 30, 
1964. The spacecraf t  has been stacked for a f i t  check of  a l l  modules, 
and returned t o  t h e  f i n a l  assembly a rea  t o  undergo power on checks. 
Several  delays were encountered due t o  "cannibalizing" t h e  vehic le  f o r  
instrumentat ion components which were needed t o  f a c i l i t a t e  t he  bo i l e r -  
p l a t e  13 checkout. This was possible  due t o  t h e  s i m i l a r i t y  o f  t h e  two 
vehic les .  
by new instrumentat ion without causing a schedule s l i p .  

It i s  an t i c ipa t ed  t h a t  t h i s  instrumentat ion w i l l  be replaced 

Boi le rp la te  16 

The SM, i n s e r t  and adapter ,  and r e l a t e d  GSE have completed manu- 
f ac tu r ing  and a r e  scheduled t o  be de l ivered  t o  MSFC by the  middle of 
January 1964. This date  will be approximately one month behind MDS-7, 
bu t  3 weeks i n  advance o f  a redefined MSFC need da te  which e s s e n t i a l l y  
relieved NAA of t h e  MDS-7 date .  

NAA has been d i r ec t ed  t o  reconfigure t h e  LES f o r  b o i l e r p l a t e s  16 
and 26 t o  l i g h t e n  t h e  payload weight. 
will be removed from t h e  launch escape motor and the  p i t c h  con t ro l  motor 
w i l l  be deleted.  

The i n e r t  p rope l lan t  and nozzles 

Boi le rp la te  19 

During t h i s  quar te r ,  4 b o i l e r p l a t e  tes ts  were conducted a t  El 
Centro, Cal i forn ia .  One tes t  was i n  support of  b o i l e r p l a t e  6 abor t  t e s t ,  
and two were i n  support o f  b o i l e r p l a t e  12  f l i g h t  conditions and one which 
w a s  t he  first dual  simultaneous deployed drogues on a b o i l e r p l a t e .  
tests were successful .  

A l l  

Boi le rp la te  22 

Manufacturing of the  assembly s t a r t e d  i n  l a t e  December 1963. Pro- 
curement f ab r i ca t ion  and de l ivery  of t he  hockey s t i c k  longerons was the  
psziilg i t e m  during t h i s  t i m e .  
up for approximately 2 weeks due t o  the  l a t eness  of  t he  longerons a r r i -  
v a l  i n  manufacturing. This delay will be absorbed by a t h r e e - s h i f t  op- 
e r a t i o n  i n  place of t h e  planned two sh i f t  bas i s .  
lems have now been resolved and since no major changes a r e  envisioned 
a t  t h i s  t i m e ,  t h e  scheduled completion i s  an t i c ipa t ed  t o  be on t i m e .  
The manufacture of t h e  wiring harness a t  Slauson i s  now the  pacing item 
wi th  approximately 2 weeks negative s lack.  This s l ack  i s  due t o  l a t e  
engineer ing re leases .  

The forward bulkhead assembly was held 

A l l  s t r u c t u r a l  prob.- 

The engineering a rea  i s  g e t t i n g  maximum support 
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t o  resolve the slack. 

Logis t ics  i s  i n  the  planning s tage for programing GSE. The pro- 
gram GSE f o r  b o i l e r p l a t e  22 w i l l  have f i r s t  usage items a s  well  a s  
t i m e  shared items with other bo i l e rp l a t e s .  

Simultaneously GSE WSMR f a c i l i t y  requirements have been exercised 
t o  meet the  new requirements f o r  t h e  handling of RCS propel lan ts  pecu- 
l i a r  t o  b o i l e r p l a t e  22. 
r e s s  and b o i l e q l a t e  22 will be t h e  f irst  b o i l e r p l a t e  t o  go through the 
new Building 290 assembly and checkout areas .  
in tens ive  i n  order t o  minimize the  problems t h a t  w i l l  be encountered i n  
operating the checkout f a c i l i t y .  

Review of t h e  new Downey f a c i l i t i e s  i s  i n  prog- 

Contractor planning i s  

Boi le rp la te  23 

During t h i s  report ing period b o i l e r p l a t e  23, which has the same con- 
f i g u r a t i o n  as  b o i l e r p l a t e  12 ,  has neared completion i n  manufacturing. 
MDS-7 indicated manufacturing completion on January 3, 1964,and comple- 
t i o n  i s  not expected u n t i l  January 23, 1964. A s i x  weeks delay i s  ex- 
pected on the launch schedule due i n  p a r t  t o  the f a c t  t h a t  b o i l e r p l a t e  
12 must c lear  AT0 before the  t e s t i n g  of b o i l e r p l a t e  23 can commence. 

A tes t  plan was presented by NAP, t o  the  ASPO i n  mid-October with 
the  in ten t ion  o f  f u l l  a v a i l a b i l i t y  of GSE by modifying b o i l e r p l a t e  6 
GSE a f t e r  b o i l e r p l a t e  6 launch and by t i m e  shar ing o f  b o i l e r p l a t e  12 
GSE. A decision was reached i n  December 1963 by NAA and was presented 
t o  the  ASPO t h a t  b o i l e r p l a t e  6 GSR MODS were impract ical  on c e r t a i n  
equipments due t o  the long time requirements for modifications.  A new 
program was then prepared u t i l i z i n g  the  NAA s ingle  s h i f t  e f f o r t  and a 
minimum amount of SMD t o  accomplish a l l  OTP's up t o ,  bu t  not  including, 
s tacking and in tegra ted  systems checkout. The plan i s  s t i l l  under re -  
view by ASPO. 

Airframe 002 

A3RM 002 CM and SM s t r u c t u r a l  drawings a r e  now complete. This i n -  
cludes both the  inner  and outer  s t ruc tures .  Systems design and configu- 
r a t i o n  i s  i n  accord with MDS-7. AFRM 002 i s  about 2 weeks i n t o  manufac- 
tu r ing .  B i t s  and pieces a r e  being manufactured, but  no major assemblies 
a r e  being assembled. 

A i r f r a m e  010 

AFRM 010 command module and service module b a s i c  s t r u c t u r e  drawings 
were completed during t h i s  repor t ing  period. 
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Airframe 009 

Manufacturing. - The crew compartment i nne r  s t r u c t l n e  i s  approxi- 

AJBM 006 which w a s  pacing MRM 009 through 
mately 80 percent  complete. 
o f  t h e  bulkhead assembly. 
t o o l i n g  i s  now out  of t h e  j i g s  so  t ha t  eERM 009 faces  no t o o l  problems. 
iui\A r e p o r t s  t h a t  AFRM 009 i s  approximately 9 weeks behind MDS-7 because 
o f  t h e  tool ing problems with AFRM 006; however, they hope t o  recover 
1, J.-eeks i n  t h e  b o : i . , : ~ ~  seq-ence. 

The inner a f t  s ide  w a l l  i s  await ing welding 

Heat Sh ie ld  1nctrumentetion.- I n  November, ASP0 authorized a work 
o rde r  f o r  I E S D  t o  i2iduc-t t h e  development of c e r t a i n  types of sensors 
cmcur ren t lg  with AiiA i n  an attempt t o  assure  t h a t  a t  l e a s t  one sensor 
?.f each type,  tha t  i s ,  ci^,ar, ab l a t ion ,  and inc iden t  h e a t  f l ux ,  vas a v a i l -  
able t o  support AI?& 009’schedule. To da t e ,  IESD has not manned t h i s  
e f f o r t  t o  t h e  level they proposed as  being required t o  meet t h e  schedule. 
Consequently, the  e f f o r t  appears t o  be behind schedule and may not  be 
completed i n  t i m e  t o  support the AERM 009 schedule. 

LAUNCH VEHICLE DEVELOPMENT 

LITTLE JOE I1 

Convair has completed manufacture on a l l  of t h e  fou r  L i t t l e  Joe I1 
veh ic l e s  without con t ro l  systems. The DEI for t he  second and t h i r d  
veh ic l e s  was held simultaneously on November 14, 1963. 
h i c l e  w i l l  be shipped t o  WSMR the  f i rs t  week i n  February 1964 t o  support 
t h e  i n i t i a l  spacecraf t  f l i g h t  of b o i l e r p l a t e  12. The t h i r d  vehicle  w i l l  
be i n  s torage a s  a backup t o  t h i s  f l i g h t .  The fou r th  veh ic l e  has a l s o  
been placed i n  storage u n t i l  required t o  support the  spacecraf t  f l i g h t  
tes ts .  The airframes and f i n s  f o r  t h e  f i r s t  two vehicles  wi th  con t ro l  
systems (vehicles 5 and 6)  have been completed. I n s t a l l a t i o n  o f  i n -  
strumentation i s  i n  work on schedule, and veh ic l e s  w i l l  be placed i n  
s torage without rocket motor i g n i t i o n  harnesses since the  exact  t e s t  
conditions 226 ncz5ers sf motors i-equlred are not known. 

The second ve- 

Convair has becfn authorized t o  design, develop, and qua l i fy  a dual 
t h r u s t  termination system f o r  t he  b o i l e r p l a t e  12 f l i g h t  i n  l i e u  o f  
using WSMR d e s t r u c t  system hardware. 

Convair has been given contractual  go ahead f o r  two add i t iona l  f o l -  
low on veh ic l e s  with con t ro l  systems f o r  spacecraf t  f l i g h t  tes ts  (ve- 
h i c l e s  7 and 8). 



A contract  w i l l  be negot ia ted with Aerojet  i n  February 1964 f o r  
12  add i t iona l  rocket motors with canted nozzles t o  p a r t i a l l y  support 
t he  four vehicles  with control  systems. 

Convair i s  preparing t o  s t a r t  in'l;egrated con t ro l  system tes ts  i n  
which control  system hardware will replace simulated components on the  
analog computor. 
Walter Kidde f o r  v i b r a t i o n  tes ts  with motors t h rus t ing .  Tes t s  are ap- 
proximately 6 weeks behind schedule bu t  i s  not  expected t o  a f f e c t  
scheduled f l i g h t  tes ts .  

The r eac t ion  con t ro l  module has been completed by 

Configuration of t he  L i t t l e  J o e  I1 launch veh ic l e  i s  shown i n  f i g -  
gclre 11. 

OPERATIONS PLANNING 

GRUFO4AN AIRCRAFT ENGlXEERING CORPORATION (GAEC) MISSION 

Planning Study 

The Apollo Spacecraft  Program Office has i n j . t i a t e d  a d e t a i l e d  study 

The study w i l l  i n t e g r a t e  t h e  l u n a r  mission plaii- 
of t h e  Spacecraft  funct ional  requirements associated with t h e  e n t i r e  
l u n a r  landing mission. 
ning a c t i v i t i e s  c a r r i e d  out by MSC, NAA, MIT, and GAEC. Direct ion i s  
provided by a Study Direct ion Group located a t  GAEC and chaired by t h a t  
organization. The Group i s  composed of r ep resen ta t ives  from a l l  p a r t i c i -  
p a t i n g  organizations. I n  add i t ion  t o  t h e  major p a r t i c i p a n t s ,  cooperation 
and support a r e  being provided by Bellcomm, GE, MSFC, KSC, and GSFC. 

The study i s  t o  include examination o f  t he  cu r ren t ly  assumed mission 
gro-md r u l e s  and c r i t e r i a  t o  determine t h e i r  d e s i r a b i l i t y  and Consist- 
ency between contractors  and the  generation o f  an envelope of design 
missions including both nominal and contingency considerations.  GAEC 
has broken the mission down i n t o  phases and assigned each phase t o  a 
small study group. These groups l i s t e d  t h e  operat ional  f l e x i b i l i t y  
requirements and the  problem areas they were able t o  i d e n t i f y  under 
each phase. 
addi t ions and de le t ions ,  and preliminary t a s k  assignments t o  t h e  par- 
t i c i p a t i n g  organizations were made. 
Landing Mission Design Plan have been discontinued i n  favor o f  supporting 
t h e  GAEC Mission Planning Study. 

This ma te r i a l  was examined by t h e  Study Direct ion Group f o r  

E f fo r t s  t o  revise t h e  Apollo Lunar 

Specif ic  outputs expected from t h e  study include: 



1. Reference Mission - A d e t a i l e d  desc r ip t ion  o f  a s i n g l e ,  nomi- 
n a l  mission t o  be used f o r  a v a r i e t y  of purposes including 
height  and r e l i a b i l i t y  reporting. 

2. op e r a t i o n a l  F l e x i b i l i t y  Requirements - Variat ions from t h e  
Reference Mission which t h e  spacecraf t  must be able t o  per- 
form, including a l t e r n a t e  missions and abor t s .  

3. Subsystem C r i t i c a l  Missions - Descriptions o f  t h e  most d i f f i -  
c u l t  combinations o f  1 and 2 above from t h e  viewpoint of each 
spacecraf t  subsystem. To be used t o  der ive subsystem fbnc- 
t i o n a l  spec i f i ca t ions .  

Apollo Systems Specif icat ion M-DM 8000.001 

Comments have been received from each o f  t h e  ASPO systems o f f i c e s  
on the  design object ives  contained i n  t h e  Apollo System Spec i f i ca t ion .  
These comments have been discussed informally with t h e  Office of Manned 
Space F l i g h t  (OMSF) and Bellcomm. The majori ty  of these design objec- 
t ives  w i l l  r equ i r e  add i t iona l  study before they can be properly disposed. 
These s tud ie s  a r e  being i n i t i a t e d .  

Revisions t o  sec t ions  4.4, 4.3, and 4.8 were proposed by Bellcomm. 
Sect ions 4.5 and 4.8 (Spacecraft Communications) have been reviewed by 
MSC and our comments discussed with Bellcomm. 
par ing  another r ev i s ion  of t hese  sec t ions .  Sect ion 4.4 (Guidance) has  
been d i s t r i b u t e d  f o r  comments. 

Bellcomm i s  now pre- 

A l i s t  of 26 apparent discrepancies between the  system specif ica-  
t i o n  and current  spacecraf t  design has been compiled. GE support i s  
being u t i l i z e d  t o  study each discrepancy and recommend an appropriate  
resolut ion.  

A copy of t h e  Apollo System Description has been received from 
NASA, Daytona, f o r  proofreading. 
p l e t e d  and comments were forwarded t o  OMSF f o r  publ icat ion.  Distribu- 
t i o n  i s  expected about t he  f irst  o f  February 1964. 

Review of t h i s  d ra f t  has been com- 

CSM and LEM Incremental Velocity (AV) Budget 

The AV budget was revised by MSC during t h i s  qua r t e r  to assoc ia t e  
a l l  margin allowances wi th  s p e c i f i c  items i n  t h e  budget r a t h e r  than an 
across-the-board 10 percent margin, and t o  remove any surplus from t h e  
AV budget i n  keeping with the  necessi ty  t o  remove a l l  unnecessary weight 
from t h e  spacecraf t .  

The revised budget was reviewed by ASPO management and submitted t o  



OMSF f o r  approval. 

Major changes include subs t i t u t ion  of a Hohmann t r a n s f e r  for t h e  
equi-period LEM descent and reducing t h e  minimum dura t ion  of t he  t rans-  
e a r t h  t r a j e c t o r y  ( a f t e r  l una r  o r b i t )  from 60 t o  85 hours. 

A requirement f o r  a SM des t ruc t  system has been accepted by MSC. 
Development o f  design c r i t e r i a  and d i r ec t ion  t o  the  Apollo contractor  
t o  implement system development have not been completed. 

AMR Range Safety has been requested t o  give MSC t h e i r  data  showing 
how temperature invers ion  c h a r a c t e r i s t i c s  i n  the  Cape Kennedy area 
might r e s t r i c t  the times when a SM containing tox ic  propel lan ts  may be 
launched. These data a r e  expected e a r l y  i n  February 1964. 

The mission time l i n e  t o  be used for t h e  LEM e l e c t r i c a l  energy pro- 
f i l e  was revised.  
LEM capabi l i ty  beginning with separat ion i n  lunar  o r b i t  r a t h e r  than in -  
cluding the  pre-separation checkouts i n  the  48 hours a s  was previously 
done. This requirement i s  now compatible with the  Apollo System Speci- 
f i c a t i o n .  

The e f f e c t  of t he  rev is ion  i s  t o  provide a 48-hour 

PROGRAM EVALUATION AND REVlEW TECHNIQUE (PERT) 

Grwmnan Ai rc ra f t  Engineering Corporation completed coverage by 
PERT on a l l  subsystems, manufacturing and acceptance, ground t e s t s ,  and 
f l i g h t  operations l i n e  items. The GSE l i n e  i t e m  w a s  p a r t i a l l y  covered. 
Systems engineering, t r a i n i n g ,  qua l i t y ,  r e l i a b i l i t y ,  l o g i s t i c s ,  system 
simulation, and program planning and management are t h e  l i n e  i t e m s  r e -  
ported on the  533 repor t  (Financial  Management Report) which have not 
been covered with PERT. GSE and systems engineering a re  planned f o r  
completion by t h e  end of t h e  next quarter .  
t e n t  of coverage on the  remaining l i n e  items w i l l  be m a d e  during the  
next quarter.  

A determination of t h e  ex- 

During the report ing period, a major review of e x i s t i n g  PERT ne t -  
works w a s  conducted by North American Aviation, Inc. and MSC Program 
Control and Engineering personnel. Every network w a s  reviewed and 
necessary revis ions made t o  make the  networks r e f l e c t  t h e  program 
(MDS-7). The t o t a l  in tegra ted  PERT system became opera t iona l  with t h e  
December 17, 1963, update. Although the re  a re  s t i l l  some f e w  items t o  
be completed and some PERT mechanics problems t o  be worked out ,  t h i s  
system i s  operational.  
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ACCEFTANCE CHECKOUT EQUPWNT (ACE) 

Management cont ro l  of the  ACE-Spacecraft Pro jec t  Off ice  w a s  s h i f t e d  
f r o n  Cape Kennedy t o  MSC-Houston, A l l  procurement, funding, and program 
cont ro l  w i l l  be from Houston, Texas. The t echn ica l  day t o  day contact  
with the  contractors  i s  t h e  r e spons ib i l i t y  of t h e  Electronic  Ground 
Support Equipment Division at Flor ida Operations. 

The p ro jec t  o f f i c e  reviewed and approved a l l  GE b id  packages for 
subcontracts  so  t h a t  GE can proceed with a l l  required procurement as 
p a r t  of t h e  GE task.  

General E l e c t r i c  Company submitted a cos t  proposal f o r  the  two NAA 
ACE-Spacecraft Ground S ta t ions ,  exclusive of t he  GFE. The Government 
i s  f 'urnishing the  computing system, per iphera ls ,  and t h e  decornutation 
equipment. 
Radiation, Inc. ,  while the  contract  for the  computing system and periph- 
e r a l  equipment w a s  placed with Control D a t a  Corporation (CDC).  

Contract f o r  t h e  decornutation equipment w a s  placed with 

Technical a c t i v i t i e s  were concentrated on def in ing  the  North Ameri- 
The block diagram for t h e  North American ACE-S/C s t a t i o n s  can s t a t ions .  

w a s  approved on October 10,1963 (Rev. A December 5, 1963). 
f ace  Control Documents between GE and NAA were prepared and signed by 
a l l  i n t e re s t ed  p a r t i e s  on December 20, 1963. 
the  operat ional  i n t e r f aces  between the  two contractors .  

The I n t e r -  

These documents def ine a l l  

The a c t u a l  design of the  s t a t i o n  has  been completed, and a l l  appl i -  
cable system and component spec i f ica t ions  have been approved. 
of t he  design, t he  f a c i l i t i e s  c r i t e r i a  at NAA were submitted t o  NAA f o r  
implement a t  ion. 

A s  p a r t  

Special  s tud ie s  by GE have been i n i t i a t e d  i n  the  a rea  of r e l i a b i l i t y  
so as t o  assure  the  s t a t i o n s  meet t he  opera t iona l  requirements. 

The development of t h e  experimental s t a t i o n  a t  t he  Flor ida Opera- 
t i o n s  i s  progressing. ?"ne d i g i t a l  t e s t  monitoring system (DTMS) w a s  
s e n t  i? i rou& I'inal t e s t s  a t  ?LAA dzrTr~g t h2  last week of Decemher ~z?d 
w a s  del ivered t o  the experimental s t a t i o n  a t  AMR. Fina l  acceptance 
t e s t s  were completed on the  interim alphanumeric d i sp l ay  system during 
t h e  week of October 7, 1963. 
mand system breadboard were completed t h e  last  week of December 1963. 
This DTCS w a s  t h e  f irst  system del ivered t o  the experimental s t a t i o n  
by NAA. Acceptance t e s t s  on t h e  d a t a  
i n s e r t i o n  equipment ((SUE-START) were completed the  l a s t  week of December. 
This equipment w a s  del ivered t o  the experimental s t a t i o n  by CDC and rep- 
r e sen t s  t he  in t e r f ace  between the computers and the  cont ro l  consoles. 

Acceptance t e s t s  on the  d i g i t a l  t e s t  com- 

It w a s  del ivered i n  October 1963. 
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Acceptance t e s t s  on the  d i g i t a l  transmission and v e r i f i c a t i o n  converters 
were completed on J u l y  29, 1963. During t h i s  s e r i e s  of t e s t s ,  d a t a  were 
successfbl ly  t ransmit ted over 12  miles of AMR provided A2A d a t a  l i n k s ,  
thus proving the  c a p a b i l i t y  of the remote cont ro l  by ACE-S/C. The mag- 
n e t i c  tape recorder/computer time decoder and search u n i t  f o r  the  exper- 
imental s t a t i o n  w a s  received and i n s t a l l e d  i n  December, thus making the  
computing complex complete except f o r  t he  f i n a l  computer. 

A preliminary copy of the  Computer Programing Plan w a s  completed. 
This plan l ays  out the  t o t a l  programing e f f o r t  of GE and def ines  the  
d i g i t a l  programs t o  be generated. D i g i t a l  programs have been generated 
f o r  t he  t e s t  assembly, the uplink (allowing commands t o  be t ransmit ted 
t o  the  spacecraf t ) ,  and the  acceptance program f o r  the  160G. I n  addi- 
t i o n ,  t he  conventional programs per ta in ing  t o  input-output exerc is ing  
the  per ipheral  equipment and t h e  standard i n t e r n a l  rou t ines ,  submitted 
by CDC, have been reviewed and incorporated i n  t h e  l i b r a r y  of programs 
now available.  

GROUND SUPPORT EQUIPMENT PROGRAM (ME) 

COMMAND AND SERVICE MODULES 

The l i f t i n g  r ing  on H14-042, h o i s t  beam SM arid S/C adapter,  f a i l e d  
under proof load tests a t  NAA's Tulsa Fac i l i t y .  
report  indicated improper welding techniques. A GSE item of t h i s  type 
which is  being u t i l i z e d  a t  MSFC has been red-tagged pending e i t h e r  r e -  
placement or  X-raying. NAA is cor rec t ing  the  f a u l t y  welding procedure 
and w i l l  replace the  un i t  a t  MSFC with a corrected uni t .  

The Tulsa Laboratory 

Review of the  NAA cryogenic BME by MSC F lor ida  Operations personnel 
ind ica tes  tha t  t h i s  NAA equipment i s  a dupl ica te  of the  Gemini ME. NAA 
has,  as a r e s u l t ,  been verba l ly  requested t o  obtain proposals from 
AiResearch, suppl ier  of the  Gemini un i t s .  

Lewis Research Center has agreed t o  the  a l l o c a t i o n  of $25,000 
requested by t h i s  o f f i c e  for cryogenic research with the  National Bureau 
of Standards. Studies w i l l  be made of the  p u r i t y  degradation of l i q u i d  
hydrogen, l iqu id  oxygen, and l i q u i d  ni t rogen during t r a n s f e r  and serv ic-  
ing  operations. Other tes ts  may be conducted, depending on funding and 
equipment ava i l ab i l i t y ,  which w i l l  add t o  e x i s t i n g  knowledge of p u r i t y  
degradation during storage and other  processes. 

A meeting at  Rocketdyne t o  discuss  poss ib le  use of t he  Gemini 
propulsion checkout u n i t  resu l ted  i n  a dec is ion  by MSC not t o  use the  
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equipment. M d i f i c a t  ions required t o  m a k e  the u n i t  s u i t a b l e  for Apollo 
use a re  extensive enough t o  preclude any cost  savings,  and it i s  a l s o  
doubtful i f  schedules could be met. 

The d e t a i l e d  requirements of MSC-E-1, Environmental Design Spec i f i -  
ca t ion ,  were discussed with NAA. It w a s  agreed t h a t  the  equipment would 
e i t h e r  have t o  be designed t o  be used i n  areas  of acoust ics  and vibra-  
t i o n ,  or protec t ion  would have t o  be provided as a por t ion  of the  equip- 
ment. Other agreements reached were (1) MSFC drawing 10 MO lO7lwould 
apply f o r  explosion proofing, and (2 )  unqual i f ied p a r t s  were t o  be iden- 
t i f i e d  and presented t o  NASA f o r  a waiver. 

NASA requirements f o r  GSE PERT were formulated and presented t o  
NAA f o r  implementation i n t o  networks present ly  being formed. 

NAA GSE end i t e m  spec i f ica t ions  were reviewed f o r  format and con- 
t e n t ,  and were found t o  be unsat isfactory.  
t he  out l ine  i n  DOD Standardization Manual M-200A i n  preparing fu ture  
end item spec i f ica t ions .  

NAA has been advised t o  use 

The NAA GSE required f o r  bench t e s t s  of the  Service Propulsion 
Subsystem and Reaction Control Subsystem at Flor ida Operations w a s  
reviewed and found t o  be inadequate. 
f o r  Flor ida Operations bench t e s t i n g  and requested t o  develop the  equip- 
ment t o  s a t i s f y  bench tes t  requirements. 

NAA w a s  given GSE requirements 

During a review of the  NAA Spacecraft Instrumentation Test Equip- 
ment (SITE) c a p a b i l i t i e s ,  it was  determined t h a t  SITE could replace the  
in - f l i gh t  t e s t  system (IFTS) BME at  the  Houston Environmental Test Fa- 
c i l i t y .  The SITE u n i t  i s  scheduled t o  a r r i v e  a t  Houston during March 
1965. 

LUNAR EXCURSION MODULE 

The f i r s t  LEM GSE Flcw Charts, used t o  define GSE requirements, 
x e ~ e  sl~hmitt.er7 and reviewed. The flow char t s  did not func t iona l ly  
r e l a t e  the  s t a t e d  GSE requirements t o  hardware operations,  and f a i l e d  
t o  show f a c i l i t y  in te r faces  required f o r  the  GSE. 
NASA requirements were discussed with GAEC, a f t e r  which GAEC w a s  d i -  
rec ted  t o  rev ise  and update the  charts.  

D e t a i l  comments and 

The l a t e s t  PERT repor t  includes approximately 80 GSE items. The 
GAEC in-house schedule evaluation has delayed submit ta l  of addi t iona l  
PERT reports .  
w i l l  be submitted during January 1964. 

It i s  ant ic ipated t h a t  a report  including 200 GSE items 
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The NASA LEM GSE Plan which contained guidel ines  f o r  PERT, environ- 
mental design c r i t e r i a ,  environmental tests,  comon and concurrent use 
of %E, and t r a c e a b i l i t y  has been deleted.  
t he  document have been implemented, thereby negating t h e  requirements 
f o r  t he  document. 

Ground r u l e s  es tab l i shed  by 

The present concept f o r  propel lan t  loading GSE incorporates  an 
accuracy of 0.5 percent.  
f o r  t h e  spacecraft .  
an accuracy of 0.25 percent.  
termine the  f e a s i b i l i t y  of implementing t h e  GAEC system or continuing 
with t h e  present NM system. 
on-board propel lant  measuring device i s  a l s o  being considered. 

This loading to le rance  c rea t e s  a w e i g h t  problem 

ASP0 i s  conducting a t rade-off  s tudy t o  de- 

The p o s s i b i l i t y  of including an accurate  

GAEC has  proposed a propel lan t  loading system with 

The GAEC inves t iga t ion  of NAA GSE for a p p l i c a b i l i t y  on t h e  LEM 
vehicle  has progressed t o  the  poin t  of i den t i fy ing  53 common use items. 
The coordination problems, NAA de l ivery  schedules,  and NAA d a t a  avail- 
a b i l i t y  have d i c t a t ed  reassessment of t h e  comon use program by MSC 
management. 
f o r  implementing t h e  comon use program w i l l  be f i rm  by the  end of Jan- 
uary 1964. 

It is expected t h a t  t h e  f i n a l  GSE common use l i s t  and plans 

FACILITIES 

The s t a t u s  of t h e  uncomplet,ed i n d u s t r i a l  f a c i l i t i e s  at Dcmey, 
Cal i forn ia ,  is as follows: 

System in tegra t ion  and checkout construct ion 

Space system development f a c i l i t y  

85 percent  complete 

Main bui lding construct ion 65 percent  complete 

RCS construct ion 98 percent complete 

WSMR-PSDF 

T e s t  complex 1 f o r  SM 98 percent  complete 

Test complex 2 for SM 

Control center  

NAA preparation bui ld ing  

85 percent  complete 

98 percent  complete 

82 percent  complete 

Administration a rea  90 percent complete 

T e s t  stands f o r  LEN, GAEC preparat ion bui ld ing ,  and NASA common 
ijse labs  have been designed. Construction i s  awaiting r e l ease  of funds. 
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